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PBE’^^'ACE. 


if hence th’ unlearn’d tluiir w^ut^ may view, 

The learnjji reflect on^^pliat before they Iftiew.— P oph. 

The FOLLOif iNG PAGEs^ written in the^ spiJV*e ho»rf of a 
busy life, attempt t(^ give an account of the rise and 
progress ©f what is now in this country an important 
branch of engineering. Although wood is employed in 
the constructive arts more largely than any other sub- 
stance, its conversion by machinery is of comparatively 
n^odsrn origin, and therefore very few books or treatises 
Rave been written on the subject. The# aim of the 
Author 1^8 been to combine, as far as possible, the his- 
torical with •the practical. In the first portion of the 
boolc, Tn addition to notes on design and construction, 
the names of the chief inventors and pioneers in v^ood- 
working nuiclunery will be found; the latter part of 
the wi>rkRs devoted entirely to practical# and technical 
details. 

illustrations are confined to the '(k^signs of 
•IhigNsh, French, and American •eifgineers, the luu- 
ckines constructeil bjj other nations beingf*asji ruloji 
"based^m thesf; models. 

le adapfatii>ij df maclimery to common* uses 
wit Ii 4 ii 4 |^ doubt, increasingly necet^ary fo the commer- 
cial prosper!^ and progress of a iuiti#i^,^nd^ias been 
exemplftiecf by tlio success of American competitio* in 
so%e branches of inanufacturo. This can in a me^^re 
be accounted £ai' ^ the low parent fees j^nd high rates 
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^ref/cb, 

oi wages in vogue in xnai couniry, thus encouraging 
^inventors to the sinaj|(fett derails in their jnachino 

constriictioii which tend eitfierfU) lessen ih^edst^f pro- 
duction, improve the quality, or iimr^se^ the ifingo of 
the worl# pdrfornieli. Filun a ^niow]^cA cxte^ided practi- 
cal experience of the .v^^hjeef treatVl on, y^e^ikithor trusts 
that what he has wrttten ma)»aHbrd soine'fresj^^infsrmaj 
tion, and prove of* service to tl^e engineer student. 
*fn that case h>s eij^l will have been attained. 

— — % 

r 

NOTH Td TIIK THIltD KDITION. 

Since tlu' last editioi^ of this Iniok was issued groat 
all-ro^iid pn^gress has heon made in the e^'ononiical con- 
version of wood, notaidy by the (*xtonded introdu(^p)i\ 
of log band ahd band re-sawing machines, oluiin mortising 
macliines, and many others for special purj^oses^; such as 
the manufacture of wood wool, producer gas fron^Wooil 
waste, i^*c. Alany improvements have als(» boon made in 
the constructional details ot the mafdiines, the chiet of 
which is the large employmont of biill, iblleiAand ring 
oiling heal ing^^, ^^^)ich hav(‘ reduct*i^ the working friction 
tij a minfm^m. Tool rooms in saw mills are now^workedi 
on a more sdentiiicf basis, and for information 'ifTJthis. 
connectioiii^he Autlior would refer rea<l(M\s (o his eonv^ 
$amon^ volume, ‘Saw Mills, yn^r Arrangement and^ 
^MfSiagement.’ 

• ^ Tlf[^%AuthtU¥ has Jaken tin* presl^nl opp(frtun^ of 
printing a soTj^e^of new illustrations ^hich will K^Toiin^ 
to miihocfy the most recCpt designs in ^'ood Wldng. 

On KT Ko.\f>, OllISWlCK, 

1914. 
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WOODiWOUKING' M^OHINftRY 


C A r T K It I. 

INTKODUOTOKY. 

Wood in its various forms enter.% porliaps, moro largely 
thag any otlfer substance into ilie industry oi' the 
•ia4ion, and its economical and rapid conversion from 
forest trees into articles of general utility cannot bo 
but one of {i^irainount importance. T can scarcely help 
tliiiTking tliat sufficient interest lias hardly been given 
by scientitic num to this viu'y important brancli of en- 
gineering, whilst, on the other hand, improvements in 
the inunifions of war, for instance, have Iwen^ carried 
to the h^^hest dcgri^* of perfection. *When w(^ come 
*io c^msider the endless uses — in shipbuildiR;^* railway 
^•carrWige works, ciKu ldiuilding, joirteiy wdi’lcs, builders’ 
(^tablishmeuts, il^c. --that wood ii^ its varied forms is^ 
* put, ^o, the iinportancf ^of the subject will, 
m8re readily St rUte tls. Wood convefsion by machinery^ 
has d^btless during the last twenty yeflrs macl? Jigan-* 
tic strides, but s*till there remains 5 »n^e si'opt^ for 
further progress in this direction. Tlic chief l^ird 
\^ods used in this country are oak, ash, mahogtiny, 

B 
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teak, aiiV^^elin; a^iJ oJ‘ the resinous woods, red pine 
from Norway^ Swed(‘n, a^ii ^Russia ; Memel, E^iiitzig, 
and Riga fir, ii-oin Russia* aiKl iVussia ; yello'w pine, 
pitch pine, and cedar. , C'Mher oi*n/'ment;V^ wotfJs are, 
howcToiy largely used for decorativp purposes. Al- 
thoiigli'oiio of tlio iiidst^iinJ) 0 ^*taiiu brandies, of en- 
gineering, V'Ood-worKing machinery iS‘On‘eV)f the most 
modern; there Is po doubt, ‘nowovor, that co'nven 
sion of wood by*hieaiis of saw^, axi‘s, Ac., was kne^wn 
somc^ thousatfds <^f fears b-ack, and is oi* 

ancient Egyptian, GrCvdan, and Hebrew hislory; but 
vi*ry few records are left us coneeVning lheir«origin in 
this country. We must turn to the eighteenlh century 
for any accurate informal ion as to absoluio tnachincnj, 
in the true sense of th^ word, although, doubtloss, ap- 
parattises of different kinds wen^ in usb to faciliiatc 
Hand labour ^before this date. 

First and foremost among the pioiieors of wood- 
workiin>f imiohiuerv must W. j)laced Sir Samficl Bentham, 
whose patents in the years 1791 and i79;l are truly 
remarkable examples of inventive genius, and fully 
illustrate the old adage, ‘ Tluu-e is notliing new under 
the suiw^ In these specifications the principles in- 
volved in imtiiy of the most im^mrtant ma\.hines at 
present uiuse arc claimed, and set fortli in the davesf 
and tersest manner, affording a wonderful illustration of 
ko\y a j^afent conld be drawn in ^hose days. The fob 
lowig may Uj named as soim' ( 4 f*the invenfjons inckidfd 
jn^this n 3 inarkahle specification : -—Rhining .machines 
with rotary mitters, /W nit on severe/ ^Wes nf the y^oil at 
onerf vei^Jcr^riTfcting machine, horizv)ntal sawsf 

mouiding and recessing nfcichine, htwel sawing machiny, 
8a>^lliarpening machine, tenon-cutting by means of 



lI^TROpaCT($Ry. 


circular saws, ana many kma^ot ^olary aj?tl boring 
tools, f Many of the princ}J)lj 3 s set forth in Beiithain »8 
spec ifi editions have b«eif ?.lfe subjects a number of « 
patentj| duJi^ig t^ preicni® century, or, f may say, 
during^the hi^i ^ew years, but it is opinion that 
several ^f these patents ‘ftiffer tery little inflood except 
ir matter ^^ftil from BentbaA’s ideas ^n 1798. I 
4 I 0 i^t jutend here to Alter furtfier •into the early 
history of wocgl-workin|f macliiiiery, its the data at my 
disposal ai^ both scant and sonio^hifU unreliable, but jT 
purpose, when considering the different classos*of ma- 
chines, to add suclf notes of their origin as I may 
consider instructive and interesting. It is rny inten- 
tion to coniine myself in these pjiges clii(‘fly to my 
experience of Bnglish practice^,* illnstviiting the same 
^yith woodcufs of some of the latest examples »f the 
flnflst eminent imikers, jind explaining tlieni as concisely 
and, I t^nst, iis prartically, its possible. J shall, how- 
ever, as oemsion nmy arise, touch on American and 
Continental makes when of interest. 

fill within tlui last thirty year^, wood- working 
machiney' in this country must be considci-ed to have 
been in a very crude state, but of greaUimpetus 
has bec.iii given to if by the constant b;fttles between 
caidV'ihand labour. The great cost ami, ^)*s#mc cases, 
the •iiihnior quality of work turne!l out by hand, have 
•eiidered tin* iiicreasjn<r introdnefion of laT>oiy^-savingi 
m^icbinery aj^solutely ilc^^’essary, to keep pace*withVhe 
geia?ral progress the times. tTio introductioiuofe 
this ej^iss of ma^iinery has nof* however, lessened, 
fmt rj^tluw’iJised, fhe wages of skiifet^ ar|isan!S, iis 
it is found the cheaper production creates the grAiter 
(lomund. 
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CftAPfER ’ll. 

C^ttCULAU SAW BENCHES. 

WiTft IJio oxtifptiftn, of the wedge aifd tlie axe, 

the saw can lay claim td being the ^nost ancient instru- 
ment for the conversion of wood, and it is ftertainly 
by far tbe most important. Its earliest history, how- 
ever, from the lapse of ages, is involved in obscurity. 
Representations of saws are said to Iiav(' been discovered 
on some of the most ancient of Egy|>tian monumcfits.^ 
This, taken in connection with the many times the saw 
is mentioned in Holy Scripture and other ani*h*nt his- 
tories, seems to conclusively prove that t‘lie saw yvas 
known many thousands of years ago. What it was 
constructed of, however, there arc no rc<;ords to show. 
Ancient tlrecian historians variously ascribe inven- 
tion to Tnedal^is, /.Vrdix, and Taluks,' and tlie inventor, 
whoever he, was, was inscribed in tlnur mythology, with^ 
a place inVlwch, yinpng their gods, they honoufed^ihe 
greatest benefactors of the (‘arliest age*;. Talus is said 
fo hav»h>i’”^ed his first saw fjofii the jaw-bone of a 
snake. Perdix, are told, ^ised, the bilckbone ^)fta 
fish for in like pyi post*. The saws oPthe (Jr^cian Car- 
penters Innl a .synilar form to ours infuse at present, as^ 
Bhow*n b}^ a [>ainting still preserved amoifg*th» anti- 


' .See Beckniaim's Hutortj of /fnrntiom. 
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quities of Herculaneum. Two^ geiyi are rcifresented 
at th end of a bench ; tl^ .piece of which is 4o 

be sa\^n through is fjecdrecJ by cramp*. T^e saw with# 
which^ie g^nii ai^e at worb^lyis a perfect resemblance 
to our fr.Line iavy. It consists of a sqiiare fran\p, having 
in the jnid^le a blhde,^the teetti of \^iich stTiini perpen- 
dicular t(» life lie of the framt. The a^ws in which 
•thelblaiJd^is faaoened have a simili^r form to those we 
nc^w use. 

It is Recorded that saw milfe (fMver> by wa^er or 
wind were erected in Germany as early as the fourteenth 
century ^ this is, Imwever, very much open to doubt, 
Stetten says in his work Kunst- und Handwerks- 
Geschichte der Stadt Augsburg,’ 1779) that saw mills 
were erected near Augsburg fn the year 1387; but 
.wlmt the machinery consisted of, or by what in^ans it 
'was driven, there is nothing to show. Jt is also re- 
corded iliat saw mills >vere in existence at the following 
pli^ces at tlTe dales named: — Breslau, 1427; Holstein, 
1545; Lyons, 1555; Ratisbon, 1575; and in Norway 
in the year 1530. The first mill erected i]i Holland 
was at fcj^iardani in 159(), and in Sweden about 1053. 

The first saw mill in England of )yhich weJiave any 
record t^as ore(*ted ffy a- Dutchman near*Loiidon about 
th^yeAr 1()63, but was the occasion of so fljuth riot that 
it Ifad to be abandoned . This wa« also the (?ase with a 
^nil! erected by one J^ames Stanslfeld in 17S8,^s it was 
tgri# to pieces by the mob. Wind was the motive p<»wer 
us 0 d by .Stansfield, and it seems that he and ^oth 4 irs|, 
aided’d))^ the Goviruinent, erected mills in various parts 
of th% country about this time, which ^.llowd by 

the populace 1o continue wtu’king. The straight saw 
or mill^ web was doubtless in use many years in HfuTand 
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and Qevm^ny ueiop uie circular saw was Known, me 
circular saw ^ said to h^vl originated in Holllnd in 
•the sixteenth or seventeeittli • century, but there ' is 
nothing to* show who waS* tlfo inventor. ^X)nO|of the 
earliest ij^cords of its use in this couytrf is contained 
in the pi?iefit specificatiftii of iSainue^^ille^ of, South- 
ampton, grajited in tfie year 1777, intwhKjJ he claims 
‘ an entirely ne^t maVhine forhiore expeditioufrf^saWingt 
all kinds of wood, stone, and i\»ry ; and .the saws need 
are of a circtilar The motive poweljp employed 

was a horizontal windmill. He also claimed an ar- 
rangement for bringing the timbt*r up to tjie saws 
when in motion ; in point of fact, it may be considered 
our present rack saw-bcmch in embryo. Bentham, in 
his specification of 17J^‘l, claims also various improve- 
mentjf in sawing miichiues, including * crown s^ws, 
taper gauge^ grooving table, adjustment of saw's \\\* 
lienches, tScc. « 

In the vear 1805, Brunei look out a* ])atent for 
‘ improvements in maehinerv for sawing timber,’ with 
arrangements f(»r vema>r cutting, &c. ; he also about 
this time fitted up the Govi'nimcnt dockyard at Ports- 
mouth Wth sawiijg machinery, including both recipro- 
cating and ctrcular saws. Tt waS considtTcd at that 
day the in 4 >st^comt>lete machinery in the countr)*. iVe' 
hav.e before us an engraving of one of^tliese machhies, 
^specialjv aclapted fca* iirepariii}' Uie rough timber fo# 
blo^-nialving ; the elm trees which tln^ blocks weje 
jor;ned were cut into proper lengths by tyo cress- 
cutting saws, oiTe of which is a recijjrocating aiid the 
other a cifcukw%aw. This comhinatioii of ^iyiigj[it and 
circular saws for this special work would not do dis- 
creSd to a desigmu* even of the present day. Of course 
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liorae of its details appear to us sorr^pwhat. cr^de ; but, 
os shdWing early efforts iif introducing wood-workirng 
machinery into this# c«ini%ry, I thini: ?t of sufficient# 
generi^ inff;pest append* herewith a shVt general 
description 

‘ tree surjeeiefr co mo action or cross- 
cutting ro(Jiproftmiing saw is placed on a Icyig frame or 
ibeneli, jvsod a little alAive the Ilooi* on the end of 
wWch is a Irajiao competed of vertical •posts and a cross- 
beam. 'UJirraigh this frame tile e^d Qf the tree is 
drawn, by a capstan working iii the middle of tlie room 
upon a cortical shaft, turned by a steam engine. The 
end of the timber projects as much beyond the front of 
the frame as the part intended to be cut oft^, and is 
fastened from rolling sideways by a lever, which presses 
up^i it and* holds it down. The saw is a straiglit^blade, 
•filed into ;l wooden handle at each end to lengthen it. 
One of.these handh's is connected by a joint to tlie 
upjier end ef a lever, bent at right angles and having 
the centr(* hmieath the tloor. The horizontal arm of 
the lever is connected by a spear rod with the crank on 
the end of a spindle near the ceiling of tin' r»)om, the 
motitm of which is regulated by a f^v wheel.. By this 
means tbe saw hash, reciprocating motion from right 
'tooleft nearly in a horizontal jiositionj^ exactly 
across the log that is to be cut, resembling in its aefion 
#he carpenter’s hand, saw. The teeth of the’sj^w are, 
egu^se, on ^le lower sfd^j of the blade, and i{ acts.eu- 
tir^ly by^its own .weight. The madine, being at r^s^ 
is prepared for wgrk by fixing tlR‘ log* in thelrame by 
•the lejer,,sp that the surface of tlie fnpiu'^ intersects 
the log at tlie place it is intehded to be cross-cut. • The 
saw, which was_ before lifted up by its handle •fh be 
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clear of'\he log, if now suffered to rest upon it in the 
fdace where ^e cut is totb^^xnade ; and to guid^ it^ in 
• first settiijg-in,«the back •saw is rec^nved in a 

saw kerf, made in the endVf a piec^?’ of bo^^rd, ufluch is 
attached to thp frame over tlm saw, kit •slides up and 
down, tb reach it at any height, ^iccdrding tb tht* thick- 
ness of the«log. The machinery is th?^i *i)Mt in gear, 
which causes the ^aw to reciprocate horizontflly acrosi 
^the tree, and tliifs by its own height cifts it through. 
As t^iLe saw gets kfto *the tree, it quits the ^ide above 
mentioned, which becctoies less necessary as the saw 
goes deeper, a saw having no tendency to filter its 
course when cutting across the grain. 

‘ The circular cross-cutting saw, which is employed 
for the same purpose, fe more novel in its construction. 
The spindle is so mounted as to mov«* in any direc^tion 
parallel to itself, the saw continuing in tin* same plane. 
By this means it can be a[)plied to any pjiit, so that it 
(vill divide trees much larger than could dtherwisq be 
done by it. Tt is more expcditio\is and accurate iu its 
perfonnaneo tluni tin* out* above descril)(*d, tor wliich 
reason the preference is always given to it in, all eases 
where the size of,.tbe tree is not too great for its appli- 
cation.’ 

Whatdsjiow known as the American rack' l)f^uch 
ts really ot^ English origin. In tin* year 1824 letters 
patent \yere granted*to Messrs.^SAyner and (Ireenwooa 
forr‘ improvements in sawing «!nachinery,’c the chiffof 
fvhich was the use of two c,ireular j^iws of ftmall dia- 
meter placed one abefire tin* other, bi»* with their }K*ri- 
pheries mvolfing in the same line, in lien '■of ore saw 
of large diametor for breaking down heavy timber, 
rin^ ''limber i’»‘stcd upon liori/.onlal ^rollers, and was 
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guided to the saw by vertical rollers. The Ifeed was 
given the log by mean« *of a groov^ feed rolla', 
acted on by a pressuin rflllc?* and weiglited l^er. They 
also clf^iinecl% the of^ several circular saws on one 

spindle, divided** by suitable collars ^or cc^jiiverting 
timber in to^plankjl^ with other •saws idaced*()n®vertica. 
spindles, a.iilVjli^fing horizontallyVor cutting the planks 
into^caji#iIngs at the sam?3 time. A^thu'd improvement 
coij«isted in crumping if senes of cirdhlar saws closely 
together, sJlid using them for re'Qmfifig dye wooj^s to 
powder, instead of the usual •method of rasping or 
chipping* In the s!ime year (1824) Mr. Robert East- 
man, of Brunswick, Maine, U.S.A., patented some im- 
provements in the construction of circular saws. These 
consisted chiefly in the introduction of a limited 
inuKiljor of ‘ sectional ’ or ‘ false ’ teeth. Insteatf of a 
Sefies all round the periphery of the plato^ as is usual 
in ordinary circular saws, four cutting sections of tffro 
b'clji are plrfc 'd at etjual distances on the periphery of 
the plate, and projecting from it. In addition to ihese 
teeth, cutters were fixed on th(» saw plate nearer to the 
centre, ami w(‘re arranged for surfacing up the jdank 
after it was cut. One i)f th(‘ noveltigs of tin** patent 
was the piethod emjTloyed for converting^tJie log into 
boards, •as the plan pujvsued was to cut ^oi«*the cir- 
(!umfereiice or exterior of the tree towards the centjre, 
jftid not right through the tree, aj? is usuaffy fjie cascji 
Ii^ fhvour of^'this me it. was urged that })laijks, 
staw's toi^ casks, *<^ 0 ., cut in this manner possessed] 
more durability, sfe-ength, and elasticity than Uiose cut 
in the^or<Jiyary way. Tin? log to be (^pefati^ oipwas 
nnide to revolve between iroh centres, whitdi it*did 
after each succeeding cut of the saw, thus bringing tin* 
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vvliole ciVcumferevce of the log under its action. The 
saw spindle ,pr shaft wag made of cast iron, ^ad ran 
upon friction rollers, suppoVte^ hy stands on tlie Hoor. 
The whole of the niovei^eSiits of tha macljihe vv^re self- 
acting, y nd a series of feather-edged Iv^ards of uniform 
thichnA-<s were cirt all i\)und \he log*, having tli^ir thin- 
edged sidef^ attached So the centre pi 0 Jt^;^tiie log being 
big enough, a second series df boards could k?^cut in i\ 
like manner. The teeth employed wora in the fomn of 
u hiyvk’s bill, ansi tlte inventor claimed tlulj the eight 
teeth used were driven «vvith one-quarter the power than 
with an ordinary circular saw. This statemout we can- 
not in^any way agree to, and whatever was gained i)i 
the shape of power was more than lost by the excessive 
waste. The whole aiTangement of the machine, how- 
ever^ reflects the greatest credit on its designer. ^'^Clie 
rate at wliicdi tlH‘ saw was speeded to run was from't^n 
td twelve hundred revolutions per minute. , 

Small circular saws for cutting the teeth of watch 
and clock wlieels are reportetl to have been in 
use in the time of Dr. Hook. Letters patent were 
granted to Ma mislay for ‘ improvements in^mounting 
and lubriciiting^circular saws’ early in this century; 
also to one* Charles Hammond, %f Loiuloiif for ‘ im- 
provemewts^n sawing and planing \vo(jd ; ' hut fc'oifi, 
say, the year ISfO to 18-15 this branch of engineerings 
ap[>ear^ to have remained almii>st at a standstill \ii 
Efigl and. Kven^America, wilh little oj’ no iro^ji ^nd 
l^ss general resources, made far greater progress ,thau 
ourselves, a mnnlxt of patents b^ng taken .out for 
inv?ntio*is jfn<t improvoments in curvilinc^u; saying lT)r 
Hhl^>s’ timlx*rs, rnitro-i iilting saws, barn*! saws, Ac,, of 
wTnch little or nothing was known in this ('onntry. 
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However, about the year 183G Mk. John McDowsfll, 
of the ^alkiiishaw Foundry, Johnstone, i^ar Glasgow, 
came proi^^inently fofWtfj/1 *with some^mosi^ingenions 
noveltiqs omd iinpS'oveiiients! in sawing and planing 
machinery; prlvi«|usly, liowever, to 18^^16 had erected 
several planing ami otl^cr im^chines, in Manciie^er and 
elsewhere. planing inuchin<;8 wore ^nade from 

Mie (Ihsigits of Mr. Malcolm Muir, of Jillasgovv, to whom 
a pgftent was granted inithe year 1827.* We shall take, 
occasion t«*notice them elsewhere. *feome year,g jater 
Mr. McDowall patented a higM-speed tension sawing 
machine, «and he also invented and erected a number of 
cross-cutting and other machines for tlie Government 
at Woolwich Arsenal. One of these, a traversing 
cross-cut circular saw bench, •^lossesses such novel 
dvivif»g and other arrangements that I think itTfully 
tfoserviiig of furtlier notice, if space per^^itted. The 
saw itself was about 7 feet in diameter, the largest yet 
inad^ from one solid piece of cast steel. The driving 
gear was a great novtdty, the saw spindle being totally 
unconnected with the axdnating power ; the motion was 
commiini(ifxttKl to the saw through two frictional cones 
of buff leather embracing the saw oii^either sWe, and 
running rff a high s[K‘ed. With this arrang^iUpnt, the 
wliofe (Tf the saw up to the cone^ was ivaWable for 
'cutting, there being no pulleys in the way of timber,. 
,as there are when sa/v^ ^br cross-cutting are djiven^ in ^ 
thui iftual wfiy. Tb(j savf l an at 8(4p revolutions pter 
mintSte, and by a )fery ingenious arr.tngymeut cjpuld be I 
made to travel th(j»whole length of the^mill, some 70 
feet ; a»d being placed below the groiimf cmild also 
be. raised above or depressc^l below the floor linj^^at 
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pieasure. In fact, the whole macliiue did infinite credit 
lo its designer. 

In cq^nectK)!! with imp^ovetnents in ^ circular saw 
benches a patent waa sft^cuved Orlando Child, of ^ 
GianviWe^ Ol^io, JJ.S.A., in ^le year ^8^0. lie claimed 
chief!}* the introduction ,iuto Jmavy saw ^enehes of a 
spring attached tg tlu' frame, to pr^vVnt Hhc end play 
of the saw spindle at the same lime yiehfiwg ^o afly 
great pressure from the springing of tHe log, aiuf^hus 
precepting hny*un(fue friction, and doinjf away also 
with the collars usmflly employed for preventing the 
end play of the spindle. In addition to thh ordinary 
circular saw employed, he als<» mounted a second above 
it in a swinging frame, which could be set at any point 
forming part of a cfrcle struck from Jthe main saw 
spiii^le, and o<'uld operate with the main sawitlcuj^- 
ting throu<|Ji a log at any angle desired. 

A few years previtms to tuir International Exhibition 
of 1851, Mr. Coulson, of Ymk, Englan*d, iTitro^uced 
into this counti'} varioti> American ideas. Mr. William 
Furness, of Liverpool, also manufactured and patented 
a number of machines, from American models. A few 
years l'urth(*r # 11 , Mr. Samuel Worssam, of London, 
brougli^ ynt several machines, including a very coip* 
plete dt'fl Aiine^ w^th improved silent feed, for t^hich 
a* patent^^was secured by him, x\t the Exhibition oF 
1§/)1 ai^iumher of ^meriean ^'dl»d(‘n-fr;^med machines 
>’^re exhibited, ^liich seem^ to June of>ened tlft‘ tyes 
fff som^ of our^engiiUM-rs, as from tlfis dahi Mie prd^ress 
and developujeiit (S’ this braneh ^f engineering lias 
bee*n imtst Pii)>i<l and complete. 
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OllJOUfiAR SAW ^KNCliKS— 

In our Intoriuitioniil Exhibition #1‘ 1851 the exhibits ot 
wood- working iniieliifiery wer(3 cliiefiy oonhned to Fay 
mid Co., ol‘ Ciiicimiiiti, U.*S.A., and Furness, ot Liver- 
pool, with one or two other niae.hines of Continental 
orij^iii ; but b(‘tweou tliis tinui aiuKuir next Exhibition — 
l862«-a j;roat*niiinl)er of machines, and improvements, 
an(f modilications on American desij^ns more adapted 
to Enj^li^Ji nooessilios were iniroduced by fmater and 
Tall^ RuchanAn, l)oUL*'las^ Rart(»n, Runtcm and Lamb. 
Jordan, Moleaworth, Wimshurst, Mess(*r, Vairall, Wors- 
sam, Forrest and Rarr, Mclhuvall, Horn, Furness, 
Kinder, J^osenberj^-. Kobinson, I’owis and Janies, and 
otliers. Under tlie head of circular sa^' beiicliu^, liow- 
^*ver, W(‘«vh» not linTl an>thin»^ espcciallT worthy of 
nbti«’. •In I8dl a [►atent was secured i/i'V. U’ssain, 
•London, for iinnrovmneids in niachincrv for cros,s- 
I'lftlintr timber. He •claimed the* arranoino- nf two 
cir^ukr saws, ^ me above the other, in the same vertit^il 
plan^, tlie |op saw heni^ placed a little in the rear of 
the other, but. hot li^neetin^ in tin* same kerf. Addi- 
tunial ^j^idestwere also used for assistin<» n^suy[)ort*inj^ 
or steadying tlie saws befori' m^terin^ the wood. (§ne 
or both saws coiikl be used, according^ to the size of 
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timber to be cut. They arc, however, owiiijj to the 
small size oj^ our timboi;, little used in this cbuutry, 
and are ^'eiienally knowd A.merican or Canadian 
rack benches, but were,r<5ally the Invention of- Saynei 
and Greenwood, whose patent we iwtJ^ed in our last 
chapter. 

In our% Kxhibithui of 1862 a coifsl^lerablo numbei 

of English, Auierican, and Continental macfiiiies* wei^; 

shown, Messrs! Greenwood Batfcy, Leedsf^ex- 

liib^ed sevo5*al <,’t‘ry* ingenious machines, •ncluding ii 

curvilinear band sawifi*; machine with a variable luid 

self-actiii<^ radial motion, Kinder’s shapinj^* machine, 

&c. Messrs. Worssam and Co., Tjondon, exhibited n 
• * . . 
portable deal frame, band sawin<^ machine, Ai‘. Messrs 

Powis, James, and Ci/, London, showed hollow-framed 
bamt sawing machine, planing machine, mortising ma- 
chines, Ac.^ Messrs. Robinson and Son, (»! lii>chdale 
pianino and s([uarino-u[) machine, tenoninotuiachine, 
Ac. ; and a number of otlnu’, machines Acre als<^ ex- 
hibited by Messrs. McDowall and Sons, Glas^t'w: 
Keiinan and Sims, Dublin; J. ami T. Yoiui{^, Ayr: 
Uaioh, Oldham ; (ieevos, London; Weston ai^d Ibn'ner, 
Londoi», Ae. i\^new tree-foller was shown by Mr. R, 

Thompson, ?»f Woolwicli. These machines, •taken as 
• ... 

a wlmle, •veje eonsi^lered fair examples of desl^ni* and 
workmans^ii[>, but were far behind those of the ma- 
chine ^ml-makers ifi tin' mass^vc«iiess of their framiftg 
a»d oencral coij|pactness find ^simplidity of •tbeii 
details. 

Am(m;,^st tlie CoTitiuental maehwes exhibited was a 
banfl sa^v rfml traversino mortisinj^ mattliinot by ]ft, 
Pertn, Paris, the former of which attracted a great deal 
ot*a\tentioii, cliietiy from the very ubl^ manner jn whicli 
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it wjis worked. Messrs. Berijier and i^’bey, and Messrs. 
Varrall,"^lwell, and Poulot^ of* Paris, and JVT. Ziniinpr-* 
xnaun, of Chemnitz, al«o %li(fwed a varitid collection of 
wood-working*inach^iies, lAt mobbing calling for special 
notice. 

Imnnjdiately foWowing^the fCxhibition, vvlia^ must 
be coiisiderod* ojl# of tfie greatest improveiiienls ever 
ii*ti.o(hicqjltiii connection with wood- working machinery 
was brought out by Mr. flenry Wilson* (then manager 
of tin; firmjby Powis, James, and \Jo*,«LoiKlon). 'Jhis 
was what is known as the solid ov ‘ box ’ framing — that 
is, instoa,d#of the fraiiTes of saw benches, moulding ma- 
chines, Ac., being bolted together in pieces, they are 
cast in one solid mass, thus securing greater rigidity, 
enabling saws, (uitter blocks, &c.,*to be driven at a very 
high velocity \v*ithoui vibration. This was unattainfible 
iif inachiiK'S hitherto made with light iron^or wooden 
framingSjijilthough in form(*r years it was argued that, 
wooden framifigs were jnvferable to iron, the vibration 
of high-speeded cutters being absorbed by t lie elasticity 
of the wood. 'Dn* fallacy of this reasoning has been 
amply disyrov(*d by tlu’ almo.st universal adoption of 
solid iron iramings in Ibis country, ami, mort' oi^less in 
.^ineriea j»a on the Continent, America hiflierto being 
(l?e gfea>advocatc for the u.so of wood^ Woik]}.mi iramings 
aught have the advantage of light ne.ss and i^rtabilit*}’^ 
^vlfCMi used ill nil freon CM ted conntrio.'?, and also he-ivSome- 
wln^ less in fijjst cost, but^^vlnu’e machines are fixed for 
permanent ;ise ther« seems to he little doidd that solid 
iron frames are in^iwerv way pre#t*rable, being stitfer 
uiTl steji^lier in their work, nineh more dftrable, and 
308ting less for repairs. A number of other improte- 
nents were about this time introdueed by Mr. Wilson, 
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includinj^ a niaciiino for adzing, and boring 

pailway slooj^ors, for lie obtained a patent in the 
year 186^1^ arrangenfent fo:* sawing was brieffy as 

follows: — ‘ Endless belt^ bavAed tlit wood between up- 
rights, the width of the ron^h sleeper ^o bo prepared ; 
six eivoular saws wer6 erected, under which belts 
carried tha sleepers ; the two outer savJi^c^itothe sleepers 
to the length req^iriMl, while the other fonrcsij.wrf^ weije 
set in pairs aiuVthe proper position fordiiaking cnis to 
a eijrtain depth ii\ tlfe sh'eper, between whitili cuts, to- 
wards the ('lids of tln' sleepers, the wood is to be re- 
fiKived for the chairs to be settled. Tlu^cbelt then 
carrii'S the sleepers utuh'r the adzes or s('ls of cutters 
revolving horizontally, whereby the wood bidwc'en the 
two cuts last nu'ution'cd is reinovi'd, and the seats for 
the'cliairs an' fornu'd. Thv sleepers thus prepared are 
earrii^d by luidless belts to tin' boring niaidiine, wliidiris 
arranged to bore tlie four necessary h(d('s in the sleepers 
either vertically or at an anglp; afti'r boi^ng they were 
shot from the inaeliine by tbe bolts.’ 

rininediately following tlie Exliibition, Mr. W. B. 
Haigh, of Olhbtini, introdue(‘d various inn^nu'cinents 
into s.K.ving nnn,*Jiinery, inelnding tluMnodc' of ofx'rating 
saw beiielu^s for cn^^s-entting purposes, in®\lii(di, iu> 
sb'ad ofifinv^king tbe Ix'arings stationary wbWdi 4*arfy 
the spindlr of tfu- saw, tlu'v are nunb' mosable, so thatr 
the saw ran he nlisixl and honon'd as ih'^ired. 'Wie 
driving band passi's from »ny driving ^pulley yvj^r a 
carrier pnlb'v, and around twootlien pidleys^and i\s on«' 
of tb('m is central tsitb tin* axis a swing lever, the 
length k(dW(‘en tbe two'pnl1(‘ys is the saiye at j^ny poM- 
tichi of tbe saw, and flu; tension of tlie band is tlii' 
same in all positions. Tu large circular saw benches 
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the swing lever is moved up arid <h>wn by a worm, 
gearin^^into a worm wheel ^r quadrant ^fixed to thb 
bosS of the swing Idvei^ s(f tlA.t when thft worr^ is turned 
either by o^ steam ^owlr. one way, it will cause 
the worm wheel oi; quadi-ant to revolve and depress the 
swing leyer und brhig the saw Wdow table, ifi order 
to prevent ^Cc^d^nts when the tiinber is b«in‘g placed 
(gt to tjWe, and when tlie worm i% turned the other 
way it will briwg up th# saw and cut the timber as it 
rises, and, rfter the timbej has beeli dtii, tln> saw be 
again lowered to be out of the way during the removal 
of the cut timber. I?i smaller saw benches the swing 
lever is moved up and down by a screw and jiut or 
other convenient means. 

A patent was u.lso obtained b}^ W. Jeffery, Glasgow, 
for am iinprovt^-l saw bench for cross-cutting purposes. 
Tti \his machine the saw spindb? was mounted in a 
slide, to .which was given a self-acting reciprocating 
motion, by m^ans of screyv and bevel gear, arranged to 
reverse automatically by means of a weighted lever and 
stops. A slide plate could also be used for cross-cut- 
ting, the s^iw nunainiiig in a fixed position. The wood 
was held against a fence on this pUte, and •j)ushed 
Jhrongh Mie saw by ^land, a weight attacliet^ to the 
sfidisg plate bringing it back to ^s ^orig&ia> position 
»after each cut. 

•Mr. Samuel Wors^ajn, in 18Ci^, patented .nil yn- 
prc^i^ self-aqfiiig saw bench. The improvements i%- 
hited to tl^e mechsnicfil arrangements for nmving the 
timber on the saw liench, consisting* chiefly in the use 
of movaJ>le f«ed rollers and a pair of rotting roHers 
for returning the timber to its original position on tjje 
bench when a plank had been sawn therefrom. 
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Of the great .variety of wood-working machines, the 
Tjircular sa>^ bench, in its many forms, is the 'one, per- 
haps, in^most general us^'iu^all parts of' the worlcl, as 
before the wood can be submitted x-o any 6ther process, 
such as mortising, moulding, &c., it n?>ust first be pre- 
pared^bn the saw bencn. It is, therefore, tff tlve highest 
importamre that jt should be well^ffrc/portioned and 
adapted to the ppecial class of work it tb per- 
form ; but this* is far from iVlways being canned^ out. 
We take it 'tliairfruj proportion denotes tlte just mag- 
nitude of the membefs of each part of a inacliine, and 
the relation of the several parts fo the whole. If this 
was inore generally borne in mind, we should not, I 
think, see so many ‘ abortions ’ turned out by so-called 
‘ engineers,’ which Ims taken from Fiiiglish machinery 
more or less the high character it once held, a»d has 
in several ^classes of industry proved a boon to'^o'iir 
American rivals. 

In wood-working, as well ;is other mat^hinery, ^reat 
cure should l)e taken in designing ; a e(*rtain weight of 
iron, correctly apportioned to bear the wear and tear 
and high speeds it is necessary to run at, is far better 
and more econouiical than twice the amount of metal 
used h^aphazard; but how rarely does tliis inalter re- 
c*(‘ive til?! altentjoij it des(U’ves. Witli some 7nak<*rs it 
seems thjt so long as a machine ma>" be made to work 
a^ter fashion and sell at a ^jertain price, tlnur end is 
ilttained. This jnay be satisfactory to*, their pec^ets, 
but it ^ertain^' cannot be considered as c;^)nducive to 
true engineering jftogress. Of cojirse there are some 
notableiexCeptions, and I think I cannot.do b^ter than 
refer to Sir Joseph Wliitworth’s machine tools as illus- 
trating groat excellence of design and proportion, and 
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whose example in this respec^ it would* be well for many 
to imitate. 

As a vvjoJ-workin^ tfjplf the saw bench^has the 
disadvantage of requiring! largq power to drive, and 
wastes a considfemble amount of wood. ^ This draw- 
back is, dio\^ver, ftiore^ than cfyunteA>alanced A>y its 
general hanSitie/s^and adaptability ^for concerting all 
kinds of ^f»od, and its Utfle liability to disarni^ige- 
menlf 

Fig. 1 iWiistrates a (lou])le spindle ‘or universal ^aw 
bench for ripping, cross-cutting, nwtring, jointing, b^ 
Thomas White and S(uds, Limited. The main frame of the 
machine is cast in one piece, ami fitted with a door to 
[>ermit of the ready adjustment of the saws, and a solid 
})artition is provided to prevent the sawdust coming in 
coytaift with the oj)eratiug mechanism. The saw spinflles 
are of high earhon steel, and are mounted on ball bearim^s 
and in order to make the spimlles perfectly rigid, the 
casing for the bearings foryis part of a circular disc which 
revolves in a machined bed. The table and spindles are 
operated by machimi-cut worm gearing, and three fejices 
are providtj^d to suit tiie various work. Wy suhstituting 
a cutter block for a saw, plain mouldings^iiuy also*L)e cut. 
• Iho tf^tli of circulifr saws, to do the best Und cleanest 
w?)rkf slmuld travel about 9,000 fe^t juu’ J>inm?te, and 
^reat care should 1)0 taken iJiat the form of saw tootil 
is Elected that is mos^ adapted for*the class Vf Jiimber 
to b^^operatevl* on, and thut they should be accurately 
and proper!)^ sharpened, and have the ri^dit amount of 
‘set.’ These points* are oftentimes* neglectcti, and the 
reSult is^a considerable reduction in the quality and 
quantity of tlie work turned but. The ' packing ’^of 
the saws is also a matter of importance, as, if well 

8 
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packed, a saw of^tldnner <?aiige can be run, which is a 
•waving in j^^wer and alsp in wood, which, when^ valuable 
woods aiy bi'ing sawn, is a^iuAtt^r of much more mohieut 
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than would at first app^r. I shall liave something 
•further to sfy on tliese points. * 

Fig. ^ illuslrates an aifto^ihalfic continuous roller-feed 
circular saw bench spQcklly' designed for ‘sawing deals, 
battens, &c.,^into boards, bj John M‘II>owall and Sons. 
The iraiu* frame is cas^ in one jjiecefand tlfe saw spindle 
runs in tkroe sets o'i bearings, one ol is arranged 
outside the drivii^^ pulleys to withstand the <p]ill •'of the 
l)olt. The feed* motion is drijen from .the saw sihndle, 
an^ is arraiiged ^vifll four rates of f(*ed Allying from 
25 feet to 100 feet |)er*miiiut(‘. The pivot for radial arm 
is mounted behind the saw, t<)W!U?ls tlio delivny end of 
the bench, and is thus out of the way of the man wlien 
working tlio machine. This arm can bo extended or 
contracted to suit sa^vs of various diameters, or swung 
oll<^ of the way for jobbing purposes. The feed gi^nir can 
be used for^oithor deep or Hat cutting. 

'When lavpiired for cutting window .sills, tu’chiiraves, 
weather boarding, &(?., an additional angfilar fence and 
feed pres.sure rollin’ is provided. 

It is claimed that this bench is capable of sawing 
25,000 uf lineal feet of O-iiich deals into ^oards in a 
working day of ^cn hours. 

It iieed*liardly bo said that tlie successf*-! woikii\g 
of circular* and other saw.s depomls la)’L;el)» oi* the 
shape of the cutting tools. In tlic ejigineeriiig proi 
fessioij^committeesdiave long been in existence for ^lie 
purposes of research and stan<lardi.sation,Vnd wo \^n^tuir 
to suggest that something of tho Jcind ha^^ long, been 
wantea in theVoofKcon verting industries, which are still 
largely , governed by “the rule of thun^b” ag regaMs 
saws and cutting took* For instance, the same circular 
fillers are made to do duty for all kinds of woods irrespective 
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of the shape, rake, gauge, set, ^spaces, and speeds of teeth. 
Of couiSo any saw can bo forced througli wood, but thg 
use* of an unsuitable tsaw ftiidoubtedlj^ means loss of 
power, wootl,*gutput^ and f^uaHtjr of work, anJ is detri- 
mental to the stWf itself. It would bo impossible to have 
saws to^exattly suit every liind «f wodd, btit Micr^ is no 
reason why {Jieyjskould not be grouped according to their 
ijature, i^i»l the most siiibfble teeth,’ &c.* determined, if 
necegsary, by aperies of<trials. The qi*estion as to the 
best speed** for the saw and feed »ppcd .suitable for 
different woods cotdd bo also agcertained. The*aT)ove 
remarks \vill apply ecfually well to frame, log, band, and 
other saws. 

The question of mounting circular saws on tlic spindle 
is also a matter of importance, aigl care should be taken 
that,^n additif>n to ])eing absolutely round, they a!« an 
ea^ fit— to allow for expansion — but not a loose lit, as 
in this citse the saw is thrown out of centre,*aiid some of 
the teeth do* not act on the wood. To secure absolute 
roundness in circular saws, and that the teeth are all 
shaped exactly alike, automatic saw-sharpening machines 
are now largely employed. 
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CUAPrUR IV. 

ciacuiiAu SAW «KNriC-:s — couti*iiHed, 

V 

There' aro a considerable number of circular saw 
benches made with self-acting fefd motions^* to bring 
the timber up to the saw when too heavy or laborious 
to bo pushed through by hand. These feeds vary 
according to the class ♦)! work to be performed. Mr. 
Samffel Worssaiu in 1878 received provisiohal protection 
for a simple feed cs[)ecially adapted for deals and bat- 
tens; before this date, however, the wu'iter had applied 
the same plan to benches driven by hand.* It consists 
of a grooved or serrated roller, or rollers, mounted in 
bearings underneath the table, whose periphery works 
partly in an opening in the table, and extend^ a slight 
distanee ^ibove its^ surface, to ensure the wood to be cut 
resting there^m. Rotary motion ^s communifiaied to , 
the rollef ^f>y*.snitabh) gearing, capable of adjiwtnKmi 
to equable the sjM'cd of the feed roller to be regulated 
desire.r.^ lloldinj^down rolh»r», or means as borc^ 
tofi^fe used, are dis^>ens«'d willk, and the pressure o6’IV(* 
saw when cutting is relied mi sole1v*to kt*,ep^the wcod 
in contact with flio fwd ndler. Tnclyded in this sjwci- 
ficiition is^ ae unproved method of ‘packing’ tljp saw? 
For yds purpose loose blol^ks arc employed on each side 
of ^-Ite saw, each block being fitted witli adjustable 
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packing pieces. The loose })locks ai^ fitted in guides, 
fixed to^he under side of Uie stable and te^tln^ ‘ filling* 
in jliece,’ and two sort w#^ ate fitted t(i cacli^ block, to 
work in nuts^i^rried^y tin? tableland the filling- in piece, 
so that the eitlsi.of the jjcrews extend to the outer 
edges of, th» table,* Thus b^ tflrning the scre ws the 
loose blocks^ ^i^l# the packing pieces therefn, can be 
adjusted different thicknesses of tgiws. 

Np very striking novelty in connectibn with circular 
saw bench^ was shown in the tecfi#t Ifitcrnaticjnul 
Exhibition in Paris. Messrs. Bcdlindor, of Stockholm, 
exhibited 41 saw beri<?h for edging purposes. It was 
fitted with a horizontal plain roller-feed. Pju t of the 
top of the bench and one saw were adjustable by means 
of a hand lever to the widths ctf the wood. A neat 
pendujuni or Vibrating cross-cut saw, especially de- 
sigrlbd for sawing barred staves, was shown 1 ^’ F. Arbey, 
Paris. The stave to be sawm is bent under a po^verfnl 
spring, placed* on a swivcjlling frame, which can be set 
to any angle. The pendulum with saw is brought over 
by hand, and one side of the stave is sawn ; the 
swivelling frame is then sot over the width of the stave, 
and the saw performs the same operatipu on the other 
side. 

' A« small mnchiiie for sawing ou^ woodim Cogs was 
4jhowii ill the Swiss section. The wood is fixejJ jn a viw 
fitted on a circular rev<flvjng table, hnd is o[>er{|4ed gn 
by circular tiiie-tootbt*d saws, rynning vertically' 
, and liprizon [ally ; when the tooth is cut^on on^^ side, 
the circular table is ^nade to revolver and the other side 
of the wqpd is served in the same manner. 

Iniportant though the snbjtM?t is, our s[)acc will noj: 
permit us to notice^ all the varied forms and modifica- 
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tioiis of circular aciw benches and their adaptation to 
different classes \>f worV ; )vo shall, however, briefly 
notice soy^e few of the mo§f ihiportant. For cross- 
cutting heavy logs, whert? any cofisiderable quantity 
ai’e done, thc^best plan is to^ arrange Utf the end of the 
saw ndll where timljer* eijjters, belotv the fiooix a large 
circular siVw, which can be raised fiAd Vkqjressed by 
suitable gearitig above and below the floor liflc; and ci»t 
through the log 'as it lies on tbe ground ; this efforts a 
conak^erable* ec<moiuy in labour, especiallj^ when the 
timber has to be converted by other machines and the 
full length of the log is not required. For light cross- 
cutting purposes, a pendulum bench is a very ustd'ul 
form ; in this t‘ase the saw is fixed to a frame i)r pen- 
dulum, which swings 6n a countershaft below the floor 
lino. The saw is made to oscillate by self-acting«gear, 
or can be biv)ught to the wood by means of a treadle. 
The number and length <)f the strokes can be varied to 
suit the ditt'erent widths of. boards. *A some^vhat 
novel feature has latterly been introduced in this class 
of cross-cut bench— we believe by Messrs. A. Ran- 
some and Co., Loudon. It consists of a self-iv‘ting stop, 
which l*an be tet to gauge any reejuired length of 
lioard, ^jiis stop is brought in^o position Ivhen tlurf 
saw is refiriiig a^jteii making its cut, and movc^ c^it of 
tbu way it advances, so as to allow the boards sawm 
at /lie 4fi«t stroke fo fall out^of the way iinmediatSly 
after they an' cut. For cros.Acutt/ng bejfvy scantiiivgs, 
deals, various modifications of ofdimiry h*iw bewches 
are introdiiee^l, (h^ .saw, by 8uit{il)ie gearing, being 
made to* aeft ance through the wood amk retiiK) to its 
fijs^ positiop ready for the next cut; these modifica- 
tions vary according to tlio size a;gl class of work to 
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be doii^ As a rule, it must be coiwidered preferable 
fer^the saw to be made tcv J>a8s through ^he wpod, in- 
stead of tljc^wood beifig pushed through the^aw. For ^ 
sawing railway sleepers, bendh^is are generally arranged 
with an endlefls*^liaiii, forking on^ rovers of corre- 
sponding pj;ch. T b is ^cliaii^j carries loose ‘ dogsf which 
grip the <uid of#tRe timber^ As each skepA’ is sawn, 
file ‘ dog ^ is removed, and placed at»the end of another 
log«f a continuous hied ts thus obtainetl. 

In smilfl establishments, or wfici * Constant cjiwiges 
are made in the work, a ripping and cross-cutting saw 
can be combined in tin' same bencli by mounting two 
saw spindles in a revolving fracie placed beneath the 
bench, whicli can be moved round by a hand wheel 
and worm gearing, thus bringing into operation above 
ffivel of tin; bench either the cross-cutting or rip- 
ping saw, as re<]uired. Saws of small (Jiameter can 
be driven b^ friction discs. When much light wood 
has#to be cut to a eerkiiii length, as in box- making, 
a convenient plan is to mount the saw in a slide which 
can traverse backwards a.nd forwards through the 
wood bym hand lever, an uniform tension of the belt 
being secured by piissing it over pulleys fittlMl in a 
vibrating or pendulum frame. For edging jmrposes 
thr?e or more circular saws can •be* inowiit^d on the 
same spindle, and a horizontal ndler-feoj.attachvd. 
Both the feetband saws«sliould be*made adjut^iblt;for 
difTdtent thicknesses or Vidtlis of ^’ood by worm* or 
rack and«|)inion §ear. Th(‘ feed rolls^ can driven* 
ij^rect from the saW sjuiullei 

For® grooving and rebating purposes •the * saw 
spindle runs in bearings fixed on a slide working In a 
bracket^ bolted t% the under side ol the l»encli ; thick 
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saws of about 1^2 r in. diameter, varying according to 
tlfe width of (groove to be^cut are used in place of the 
ordinary riuping saw. By means’bf a hand wheel and 
screw, the slide can be raised or lowered for the saw to 
project above the surface of the bench' tlie exact depth 
of the groove to be cut, and the wood is parsed over it 
in the usual' manner. Benches are alsd J^xed’ on wheels 
for forest use, or where they have to be ebnstantly 
moved from place to place, arid are o/ten otherwise 
varied in thetr constructive details to suit special con- 
ditions or circumstances'. 

Fig. 3 illustrates a combined horizontal and vertical 
feed saw bench, by Thomas Kobinson and Son, Limited. 
The machine is used for sawing small logs, sleepers, 
&c., and in conjunction with breaking-down frames 
for resawing the large flitches into whicK the li% is, 
first cut 

The frame is a lUiissive cored casting, and the con- 
struction throughout is pai*ticula»'ly strong. * 

The si\w spindle runs in three enclosed ring-oiling 
gun-nictal bearings, wliich are Indted to planed scatings 
cast in the frame. The driving pulleys are carried between 
two of tlm bearing-T’. 

The fence is adjiistaide in all directions, amrean be 

moved up tfi l4 inel]OSrfrom the saw. It is also souictiihes 

ina(k3 to cant 
» »: 

u The c<«)m]»inod fe(»d*of this rnapJihie is worthy of note. 
In cutting the lu^rizontal rolhu's jy’c hvou^ht into flay 
ijr feeding, i>eing power-driven. Th^y stand- slightly 
alKo C the l)oii';h, and carry the log for«fard. The weight 
of tluf timber *and tlio downward ])ros3ure caused hy the 
actiofl of tlie revolving saw are suflicicnt to ensure a 
regular and eificient feed. The vertical feed rollers can 
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be used in conjunction with»the hori^ntal feed to hold 
the flitcTies up to the fence. 

*The horizontal feed^ro'yeFa have rev vsing ^notion for 
the return ot«the Idh, and®th(f*}^ndle which reverses the 
horizontal feed fti(fUon at th| same time thr(^s the vertical 
feed oil t^f ^ar, TlTere is thusjixo possi bftity of a*8a\Mii board 
being ret;' riM^l q^ftinst t!ie saw by tfie vertical I5ed rollers. 

Whq^i* resawing deals *and flitcl^ps into boards the 
irertical feea is# brought ^to action, ft consists of two 
toothed rotfers mounted on a radial aftn canried from the 
back of the bench. The rollers can be adjusted vertically 
For dillerAJut height^ of timber, and the radial arm 
siutomatically adjusts itself to different thicknesses; it is 
3 hain- driven. Mr. G. L. Molesworth, C.E., introifuced in 
the year 1856 a self-acting revolving wedge, in the shape 
af a #vheel, tlnck at its centre and sloping down an 
edge at its circumference ; it revolved on centres at the 
end of a l^ver, which was free to traverse along the 
feather of a* rocking sh^ft. The rocking shaft had a 
lever, which caused the \vedge to be held with an even 
pressure within the cut. The whole was arranged 
close behind the saw, and the wedge revolved by the 
friction of the wood as it advanced, ai\^l exerted an uni- 
form i^wssure in rdlieving the saw, am? could also 
ida^t iteelf to irregular as well as straight 5a\wng. 

Fig. 4 illustrates a rack-feed circular saw })ench /or 
bfhaking down logs i»t(^ scantlings* to., by A.*jJansome 
t'o-> himiU'd. The tiiwber is carried to tlie saw upoM a 
tiouble bed^teel travelling table arranged with a rack- feed 
which can he variejJ from 12 feet to 40 feet pei* minute, 
ahd has^ i*etyrn motion of 150 feet per inuiitte. , AH the 
gearing connected with the feAl and return motioits of 
the table are attached to the main bed of the maefiine, 
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thus making it self containecV Manyjof these machines 
are fittest with a variable friction feed (Miles* Patent) 
whi(5h enables the spedd Ltie feed to Jpe varied whilst 
the maohiiK? Ih^in md?5ion, a« advantage when doling with 
rough or erookoB iynber. With this feed the backward 
and forward Motioiif^^are botfi driwen fvotii th*b sRw ^jindle 
which is fitted vJlMi self-lubrfcatin^, self-oiling bearings. 
]\y tliis armngemont the necessity of havflig an indepen- 
dent drive foL the back motion is avoidml, and when the 
macfiine ia/lectrically driVen the luolKor cay be coupled 
directly to the saw spindle. 

We h^^vo noticed •recently an inipi’oveinent in im- 
parting motion to rack-bench tables. Tt consists in 
working the rack and pinion by which motion ini- 
l>arted in a hoiizontal idaiie, in^itead of a vertical, as 
hithe^do, the {fide of the rack being bolted to the nitder 
sii'ft* of the table instead of the back. Thr‘ objection 
to the v(»rtical method is that sometimes wo*rk has been 
damaged by >ho rack riding on the driving )>inion, and 
thus raising the tabh*. 

Circular saws up to about 7 feet diameter, but not 
above, can be worked with advantage, notwithstanding 
the large power required to drive tliem. Timber re- 
quiring %'iws of greaR'r diameter should converted 
lA’ ly.oijii-ocating or straight saws, fji circu- 

lar saws are used of much thitdver gang(» than in this 
c<mntry, and without packing piiy,'es. Thi^ •practice, 
lio^v^ver, uiu|gt 4)e cond(ynned, both on the {Jcore*y^f 
wastefulness of poweA* and wood ; neither is the work- 
done so clean or tnie. Less skillec^labohr ma^-^erhaps 
hi used^bnt yveii this is a doubtful ecoiToyiy. Cuown 
and cylinder saws are used ^>mewhat in the United 
States, but larely Innv*. A dished circular saw for ftift- 
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ting out curved Jbrms wa^ invented bj a Mr. Trotter 
in 1806, but the band ^and fret saw has now entirely 
taken its plac^ 

It was the practice^ 6f some American engineers to 
make the top of their saw^ benches of narrow strips of 
difFei^ntVoods^glued up togethe*, but Uiis.has now 
almost ilitirely beeii abandoned iCi^faV/our of iron. 
Many of thoir benches are fitted with spindles arranged 
witli an expaiuKiig end, to si<<t saws with holes of dif- 
ferent sizess this^is work‘‘d by means of a ocrow at the 
one end of the spindle, and obviates the necessity of 
bushing the saw spindles. '• 

In purchasing or making a saw bench, when' 
low first cost is not an object, and Nvhore a really 
durable and efticient fir.mhine is desired, care should be 
taken to have the saw spindle made ^ Bessmaer or 
other steel, of not too hard a texture ; or, if iron is used, 
it should be of the best, and free from seams, or the 
bearings will rapidly be woyn away, ahd sometimes 
‘fired’ by the friction, besides recpiiring c<»nstant 
lubncation. The bearings should lu* of best gun 
metal, or, better still, of phosphor-bron/e to which 
metal we hope refer again, as its merit for Iw'arings 
is groat, it^ increased cost only,Vi' believe, jfreveuting 
its genef air adoption. We have seen bearhfgs ^ com- 
posed of an alloy of ItM) parts of tin, 10 parts of anti- 
TOOiiy.rpil 2 pin ts ftf copper Ujeij, -and tliey are reported 
t* wear longer thp.n gun metial ; but of this we Oftmot 
speak personally. We should imagine for heavy ma- 
clunes this alloy wofild be much too ^oft*. Wit h spindles 
carrying sjtws above inches in diameter, theve should 
be^thrce sets of l^earings, whi<*.h shouhl be placed as 
farapart.as the width of the bench will perniit; one 
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»et on the outs^e M the drivi#ig pullejjs. The driving 
pulleys otf the spindle ^should not be too small, 
diainfeter, and shpi^, be«uffiefbntly wide Jx) carry belts ; 
a safe rule i^^a^ («ie-qui»rte/of the diameter of the 
%aw used. Efficftiitjiubricatiou of saw spindle should 
be secured, a»d is great importance,* as sh(fuld,heat 
from the sj.ljjdlo^lJe^communTcatecJ to the srilir, it de- 
stroys the^siiflPness of the phfte, and giyes a tendency to 
‘ buckling.’ Cars also shosild be taken that it is worked 
at its* right (jjieed, as it is lound that, ii»run at too (»reat 
1i rate, it becomes wavy and pliasit, iind runs untrue. 
We have already spoken of the best form of framing, 
and, in concluding our rem.arks on these points, we 
should recoinmeiid buyers not to be tempted by a very 
low price, as they will find it impassible to j)nrehase a 
good iyid usefifl machine without paying a fair prfce 
for the design, workmanship, and materials embodied 
therein. We may mention that the smallert circular 
saws in use in* this country are, we believe, those cm- 
ployecT in the manufacture of pens, and they range 
about half ai: inch in diametei'. 

For siiw^henches cutting above 12 inches deep, .self- 
acting feed gear is to ho recommended, ^is the labour of 
pushing Ibe timber thit)ugh the saw is excetfSive. For 
pl!#fn jobl.ing benches, at any rate, the htJ-gS^ sizes, 
^irned revolving rollers should he plaJed at the front 
end*Df the bench, as tlbs^lessens somewhat tJie Jpboiir 
reqmr^d in teed*ng by hainl. For vciT light or orna# 
,ment.-i^l small saw-bench can conveniently 

be driven by the f<»ot Tin* top of tlw table outsule the 
saw* should he,amuiged to angle for cntTiag mitres, 
and the whole table-top made to* cant endways for ligftt 
rabbeting, grooving, Ac. When ‘ drunken ’ saws -thaf 
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is, those fixed oJ)liqiiely oii their spindles — are used for 
grooving jn preference to saws of a gauge* the same 
thickness as ,the groove* required, if the collars em- 
ployed to keep them ip “^os Hiou a?e made lo a consider- 
able bevel, they can be s^ arrange *'by turning then\ 
roui^, tha^, wilh one set of collai^, the ^aw can be set 
to alind^t any angfe to *cut any whffh groove desired, 
or it can be fi^ed at right angles to tlid' ^spindle dor 
ordinary sawing. This plan ^oes away with several sets 
of oollars.c The* peripheries of circular sliavs should be 
speeded to travel abeut 9,000 feet per luiuuUi. 



CHAPTOK V. 

IMBTIK AND d 1-UL FRAMES, ftTC. 

'Under the above heading we i>iirpo.se noticinjf the 
varied iorin^s of niachiaes generally known as recipro- 
cating or mill saws. The straiglit or mill saw was 
known and in use some hundreds of years probably 
before the circular saw. The datg of its introduction,* 
and wl^en it wa» iirst driven by other means than haTid 
pow^r, is uncertain ; several writers, however, mention 
the fourteenth century as probably the earliest period. 
Montfaucon (‘^i’Antiquite Expliquee,’ vol. iii., pi. 180) 
gives representation of Jvvo ancient saws taken from 
Grutor, one the blade of a saw without any Ira me, and 
the other aj)pareiitly a cross-cut saw. Some interesting 
accounts ot an early saw frame or niill^. as it is^'alled, 
are given jn Tlardwick^’s ‘ Miscellaneous Stiiite Papers,’ 
frc«n J50J to 1720, p. 71. In the year 15t%, the am- 
Jfassador from Mary, Queen of England, to the Court 
of Rome, having noticed a saw mill in the nSighbour- 
hbod of Lyons^ "describes it,as follows : — ‘ The saw milj 
is driven with an upright wheel ; amf the water that 
maketh it go is gathered whole into, a narrow though, 
whKh delivereth the same water to the ^rl\^el. This 
wheel InitTi a piece of timber pflt to the axk‘-tree eifd, 
like the handle of a broch, and fastened to the endVf 
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a saw, which b^ing turwd by the force of the water, 
hoisteth and dow^ the saw, that it continually 
eateth in, and the handl(j*of«tlie same is kept* in a 
rigall of wood from gwcrving. Also ,th^ timber lieth 
as it wei’e upon a ladder, which is l^i^oitght by little and* 
littl 6 > to the saw with another vied*.* Before the intro- 
diictionVf saw frames (friveii*by witter 65 wind, timber 
was generalfy epnverted Cy the aid of th^ jvedge and 
pit saw ; the tatter had a it‘ciprocating motion ^iven 
to it by two or more imm. In isolatedudistricts, or 
where little timber# is required, these saw-pits are* 
in considerable use even at fae present, time, and 
men can be found willing to convert some classes 
of tilnlier at a cost not greatly in excess of that sawn 
'by machinery ; the ^process is, howev(‘r, much slower, 
and as a ruh* not so well done. Tiit‘ earliest saw 
frames in use in this country were constructed almost 
entirely of W(K)d, and are described by an old writer as 
follows ; — ‘ The common saw-mill, whk^n is generally 
employed in cutting timber into planks, consists of a 
square wooden frame, in which a number of saws are 
stretched ; this fra^ne risi's and falls in another wooden 
framej secured, to the foundation of the mill in the same, 
manner arf a window sash rises 'and falls. The tiinWr 
to be cur: i^ placei^ ujkui a horizontal bed or* catt‘*ia*ge, 
sliding u|)on the floor of the mill, whieh being suttic 
ciently naiTow t4) ^mss through the inside of the V(*rfical 
or moving saw-frame, will varry the tr<;e through, and 
subject it to the action of tin* saNV. Tin* carnage is* 
provi(fed with a rack, wdiich is engaged by the teeth of 
a pillion, #ind thus gives the means of, advt^ncing'the 
cifrriage. The pinion •is turin‘d by means of a large 
tatchet^ wheel, with a click moxed by levers cf)imected 
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with the saw frame; when Hhe saw-frame rises the 
click slips over a certain nuipber of teeth of ^he ratchet* 
wheel, and when it desdbnSgJ fo make th# cut, JJie click 
turns the ratcliet wheel rotlndf aiid advances tlie wood 
^forward just as mhch as tl;p saw cuts dufin^ its de- 
scent. The ^ees ar^ generallj^ dfajfged up an inclined 
plane, throng* a ASor at one end of the mjll, and being 
j)Iaced uppfj the carriage, they pass through, and are 
divided by the saw into tA’O or more pieces, which are 
carried forv^Trd, and i)assed out at a d^or oft the oppo- 
site side of the mill.’ 

Boniliam, amongst *other machines, supplied a num- 
ber of saw frames to the Government cstablishmci/ts at 
the close of the last and the commencement of the 
present century. Wc do not find, however, record jof 
any sptcial invention made by him in relation to this 
jiarticuluT class of machine. In 1805 and, 1807 Bru- 
nei took out patents for improvements in sawing 
machyiery, included in which was a method for fixing 
and tightening mill saws,, which was introduced by him 
at the Itoyal Arsenal, Woolwich, and elsewhere. It 
may be dejjysribed as follow's : — Each saw has pieces of 
metal formed like hooks riveted on eiilier end.* The 
luiok at tl^e lower end*of the saw falls into a proper 
rec*es» made in the hover crosS"bar#ol^ thcVrJhie, and 
Wm upper hook i.s engaged with the hook of p, shackle 
or Ifnk which hangs upbn^the upper*cross-bar, a»d ln|,8 
wecigeif through it, byjneaiTs of widely it can Ixi drawft 
itight^) stmyi the saw. As the tension of the ^iws is 
in a measure uncertayi when the w^dj^es of the shackles 
are merely' drwen by a hammer, Brunei etftployec? a 
very ingenious steelyard, wdiich exhibited the degree? 
of tension given t^ the saw'. A strong spindle ex- 
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tended across tlip fixed upt-iglits in which the saw frame 
^ slides, and^bove the toivof jkbese uprights, from one side 
of this spindle/a lever procef ds,*Whioh has a weight fixed 
at the end, and from the'opj&osite side of^t\ie spindle two 
short levers^ are fixed. Tlfey weror Connected by links 
to a tross-bar, situi^teTd just over the upp^fj: cross-bar of 
the sawVmme when it is at its greatest {)oint of eleva- 
tion. This cross-bar of tke steelyard ha! ,a shacjkle 
upon it, which *can be united* by a key with any o/ the 
shackles upon fne cross-bar of the saw Ifame, which 
shackles are, as before mentioned, united by the hooks 
with the upper end of their respective saws, and by 
this means the lever and its weight become a steel- 
yard, to draw up any one of the saws with a deter- 
minate force. In usdng this apparatus, the crank is 
turned round to elevate the frame to the highest point. 
Two wedges are then put in between the saw frame 
and the uprights, and this holds the saw frame fast 
whilst the steelyard is applied. The sliarpened saws 
are now put into the saw frame, by ho«;king them upon 
the lower cross-bar, and uniting the hooks to the 
shackles on the upper cross-bar. The liuk upon the 
cross-bar of thr steelyard is united with the shackle of 
one of the saws, and by allowing the stA}lyard ‘to 
desceiuPit .stretches thc‘ saw, the wedge beirtg thrust 
in by hainl as far as it will go, thus retaining the sa>< 
at ther tension to \^hich the ^^tt^blyard Jias stretcheS it. 
This same operation is perfOYmed on all the saw8,av^.ich 
are thus strained equally. Brunei also erected several ’ 
reciprocating saw.*? for the Government, including one 
working a*'8pecially thin-gauge saw with fine, teeth, for 
cifcting sheaves from lignum vit«*. 'fhe plan of holding 
and feeding the timber to be operj^ted on is ingenious. 
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The tree of lignum vitsB is f)lace(l horizontally in a 
large vice* which is opened and shut by two screws, 
both inoved at the 8am(p by cog w]j^ecl8, connect- 
ing them so aS.to rabve tl>e jifws of the vice parallel. 
•The iiiachiiie beTng^ used for cutting the ends of the 
trees into proper thicknesses for •the fftiea^esf the, vice 
which held tf^tr5(> was ‘provided with a scre^.f, which 
advanced ^afid gave the proper distance ‘every time a 
sheave was cut off. The viee was fitted o» parallel slides, 
so that the«^)iecos cut off should haw par^illel sides. 
This machine was used for cutting up the largest-sized 
trees, the gmaller beifig converted by a circular saw 
fixed ill a horizontal swinging frame, similar to the 
action of a gate or door. The timber was also hiade 
to revolve, thus presenting every, part of its circuin-* 
ferenci* to the {fetion of the saw ; the saw was therefdi’e 
enafiled to cut through a tree nccarly its own diameter. 
The whole arrangement was decidedly clever, but our 
space ^reclude% more than a passing notice. We must 
not, liowever, omit to add that Brunei was most ably 
seconded by the late Henry Maudslay, who carried out 
the invent(jr’s ideas with the greatest skill and accuracy, 
and introduced many improvements of jjis own. , 

. A pa Wilt was graifted to Charles Hamifioiid, Loii- 
doh, iSll, for improvements in machineiy»fo^sawing 
«,nd 2>laning wood, described in which*are feed rollers 
foi tiringiiig the timbeft ujp to framaand circfllar saws, 
&c.^ sai^ie plan of, feeding timber has bee*^ 

adapted to planing, moulding, and *other machines, 
and has formed tim subject of several pateilfis, in- 
cluTling t^at gyeat American monopoly, th^f ^oodwoo'th 
plain r. 

We have before us the drawing of a deal frame fof 
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cutting two deal§ at once,** constructed some fifty years 
.since by Mr. Haiglj, of Ratcliffe, for tlie Dutch 
Government. |,The framei/jbrlf, saw frame, &c.J are 
made o( iron, instead, of wood, gen/)rally hitherto 
used, llic saw frame has square, Vertical, adjustable^ 
guides, rftck feed-motion, with ratchet wheel and panl, 
adjustaftie friction rollers, fly wln^*^ fry^t and loose 
pulleys, iVc. * In /act, it diUers very little f inessential 
particulars from many deal* frames <now made, ^ and, 
considering the vlate at which it was bilWt, must be 
consnlered a first-rafc' specimen of engineering skill.* 
About this time also a machine efr apparatus*for cutting 
piles under water by means of a reciprocating saw w’-as 
introduced ; who its inventor was is uncertain, but it 
Was probably of Continental origin. The machine em- 
ploy od for til is purpose is required to give the saw throe 
motions — the first, by which it descends below the level 
of the water, at the same time preserving the blade of 
the saw in a horizontal position; the flocond, a hori- 
zontal motion in the direction of the length of the saw; 
and the third, a horizontal movement in the direction 
of the breadth of the saw, w'hich enables it tp follow its 
work U.S it advapees into the pile. This was etfecUxl in 
the maeliiAe undrr notice by fwo platformfi, one «f 
which f^s ’made jiiovable by rollers on a finimiwdrk 
attached to the top of the [liles, where the workmejii 
stiiTid ^iii working ^he saw ; tb«* second platform Vas 
l/a*jed below this, ami altacUed to it by ^our rod^^ i^rith 
racks and pinions, by means of wfiieh it could ht) raised 
or depVes.sed, acr(»rding to the dq^)th below- the level 
of the wat 4 ?r*the i)ile was required to ])e,cut pff. The 
saw was fixed to a earritige, which was movable on the 
I6^er platform, on rollers in the direction of the 
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breadth of the saw. A rack was ^attaclied to the 
carriage, Vhich engaged a yinipn working ^ the lowe» 
platform ^ b^ this inecftis,^tffe carnage^ and saw were 
pressed forwaid agafnst tlie pile* ** 

Saws or bla(feaf for cutting stone, marble, &c., driven 
by steam, ^re al%o now in •use. *The ifews. were 
stretched in.d ^Ang frame, and received a Imrizontal 
reciprof'tijiflig motion from* a steam^ engine. A very 
complete marble mill vv^s made by a Mr. (.'olliss, and 
erected in«fhe neighbourhood of KSkenny about the 
year 1880 ; the machine was arranged to work twenty 
saws and kvo polished. The saws were of soft iron, 
and lasted about a week, and were worked with sand 
and water. The marble taken from tln^ mill wjis first 
polished with stone called cove st^iu', which is a brown 
sandsk)U 0 ; . it Vas afterwards polish<*d by a hoiu' stogie, 
which was a piece of smooth nodule of the argillaceous 
iron ore found in the hills between Kifkenny and 
Frcsl^ford ; it recciv(!d it^s last t>(>lish in the mills with 
rags and putty. 

In 1880 Messrs. Gibbs and Gatley took out a patent 
for ‘cortjyn improvements in machinery for cutting 
wood and other materiaks.’ The impr^wemonts^chielly 
relate b^ombinationS of machinery spccijflly adapted 
for cftsk-^iiaking, but includi*d in tln^speci ri(;atf)n under 
claim No. 5 is, ‘ in (‘onstriicting an ordinary vertical 
saw frame or niaehino 'ii^ such maimer (hat outset of 
sa\iiS4Hid theiii frame shalhat all times balance anothV 
set of saws 41, ml their frame.’ This improved counter- 
balanced saw-framo^vsis fully illustrated and described, 
inTl from^ihe illustration it is seen that tlTe^wo cnwiks 
ire on the same plane in opposite directions, and (iTat, 
therefore, the resistance of the cut and the weight* of 
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the saws will be b^ihinoed at every point of a revolution. 
This arranjjpinent has b(}on the subject of at least one 
patent since the above date, we are at a loss to see 
wherein the originality of the later pateutlies, except, 
l>erhaps, in the matter of small details. This affords 
one ofathe' many instaimes of the haj)hazard manner in 
which pacents are granted, and ato , thft need that 
exists for reformation in this as well as othel noinis in 
our present system of paterit administration. 

Following 18-W) we do not find for som's^ years any 
inventions or improvements of importance relating to 
reciprocating saWvS. In 1848 T. H. Barber, of London, 
took out a put(mt, in which a great many contrivances 
are described, including some improvements in saw 
frames ; but the specification relates chiefly to bcvel- 
say^ing, and means for facilitating the same. In« 1850 
Mr, Amos Jackson, an American, brought out a machine 
which ho proposed to drive by the weight (.4 the log to 
be sawn. Although iinpracti(;:il, the originality of the 
idea merits a short deseriplion. The rails on which 
the timber carrian*' travelled were lixed nu bearings 
attached to a frame, the opposite ends of >^hieh were 
fitted with large ,4segments of a toothed wheel, working 
into a Series of toothed wheels anil pinions, \4nien the 
log Avas ^isjied for^vard to the saw, its w(‘ight wyis Vo 
act through the segments on a shaft having several 
intermtjdiute gearings, whieh would increase the sjit-ed 
sufticiently to drive the rnuik shaft. \’he stiws, pjj^o- 
[)Osed to be used were to be nuole thick at the points of 
the teeA, tapered to a thinner giyige at the back of 
the saw, and *to be run without setting. ..In ^852 Mr. 
Jolftt McDowall, <d’ Jolinstoiie, brought out and pa- 
tented high-speed tension sawing^- machine.^ It con- 
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sisied of a single miil-saw, dviven at a high speed, with 
an arrangement for giving increased tension to the saw. 
without using the omliiTjii^' heavy s^w frame and 
buckles; alsd gin ad^stmciit fhr regulating tffe ‘over- 
hang ’ of the sa^, ficcording to the rate of feed given to 
the timber. 
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CHAPTER VI. 

TIMBER AND DEAL FRAMES, KTG.-'^ C(mHnuC(J. 

, 

In tlio year 1854 Mr^ James Hamilton, of Now York 
patented an arrangement of vertical saws especially 
adapted for cutting ships* timbers. A machine, made 
under this patent, was erected at the shipbuilding yard 
of Messrs.^Vigram apd Son, Black wall. The machine 
ran two .saws, which cut botli sides ai once o^’ any 
timber ordinarily used in shipbuilding. Each saw was 
hung in such a manner as to be free to turn on its 
centres, and present its cutting edgi' in any required 
direction ; tluw were also ari*aiigod to move laterally in 
the saw frame. This movement was obtained by 
stretching each saw in a separate frame, which frame 
slided sideways ^Yithin the principal frame. The saw- 
yer controlled the jiositioii of both the saws by holding 
a lever or guide in either hand, and thus manipulated, 
each 8a>v was made to follow the line on the timber to 
any desh’ou curve or taper. Thes b(*vel of the timbei 
w'tj's obtained by causing it t,o revolve si^mewhat^as^ it 
was fed up to the saw, and the exact bevel necessary at 
every point was thu^ sccurt‘d, and the timlier left the 
saw ^sufliciejjtty true to require little or no trimraiifg. 
An t adjustable crank or disc for varying the length 
of* stroke of saw frames, and some other imi)rove- 
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meats, W^e patented by S. and 4 . Sparbes iu the 
year ISfly. , 

fii 1859 ^tlie late Mft t^^niuel Worssum, of^London, 
brought out Tiad patented* seTerjil important Improve- 
ments connected timbe^- and deal frames, foremost 
amongst which wiis'an improv(H> Joed' for’saV ffniues. 
It consisted .Of itit eccentric *paul or pauls w(irking iii 
a groovecj Wioel. The paul was conjioctl d to a lever, 
which was kovod or otlfbrwise fixed On the shaft or 
roller which'drives forward the wood to the saw. The 
rate of feed could be varied from I foot to -1 feet per 
minute, according to the nature of the work, the num- 
ber of saws carried, &c. This feed has the advantage 
of being nearly silent in its operation, and is now 
in very general use. [ncluded.in this sjun ificatioh 
is an impr<^ve(t ‘sling’ connecting-rod for driving saw 
fraiui‘s. 

fii the Exhibition of 1802 Messrs. Worssain ex- 
hibitjjd a very complete yortnble deal frame, designed 
chieHy for builders’ use, adapted to work about ten 
saws. The whole of the working parts were lixed on a 
east-iron lia^e-plate ; tlic eonnoctiiig rod was worked 
from a single crank, ami was h>oj>ed, t^ clear the rack 
which p»8s ?d throngfi it. The feed was •the patent 
arraifgemmit to which wc have just ivferrt‘d.* if vaciunn 
C ylinder to balance Ihe weight of the swing frame was 
iy)^ied at the^lo]:) of*tl^p fixed friiim». Thfs cylinder 
wa# fitted witii the iisual •piston and piston rod; tfie 
latUv- was jonnected wdth the swing frame. As the 
swing frame descet^ded, and the tinston witl? it, a 
vacuum )jriis formed in the upper end of *tlfe cylinder, 
and the resistaiure of the air in the lower end of the 
cylinder balanet‘d tin* weisrlit of the moving frame ;* a 
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valve at the upppr end of* the cylinder allowed any air 
.that might ^leak above t^ie piston to escape. ^Ihis idea 
was, however, pot novel, as^a similar arrangement was 
introduced, we believe^ % Mr. Janies Ne^f, of Glasgow, 
about the year 1851. We may hjel-e describe a very 
novel/ me^chod of stretching saws 'by means of com- 
pressed air, introduced and patentt^ ih* America by 
Messrs. Rapp an^ Wright about this time*; ,vve have, 
however, never seen it in fiso in tkis country,^ and 
doubt its utility, 'but from its novelty, if liuthiug else, 
we tllink it deserviugtof notice. The saw was stretched 
by the aid of two polished rocft which pans through 
stuffing boxes into cylinders, where they were attached 
to pistons, which received the pressure of the com- 
jiressed air. The contiguous extremities of these 
cylinders were put in communication by mear.s of a 
pipe, so that whatever pressure was generated beneath 
the top piston was equally felt above the bottom piston. 
The air was provided by ineaps of a smalt pump, >vhich 
made good losses by leakage. As the saw moved up or 
down, the air changed its position, rushing through 
the pipe from one cylinder to another. By means ol 
the compressed^ air, the inventors claimed that tht‘y 
could strethh saws to a sufficient tension wi'.hout the 
usual saV ffame, thus enabling saws of a thiniftT guuge 
to l>e used and a higher sj)eed to be run, but we ard 
afraid 4 any thing gained in tjiis particular would bt^ 
more than counterbalance(> by ^ the iiranifest disad- 
vantages of the plan. A number of saws /Htretched in 
this manner were, however, we believe, made, and used 
in Buffalo find other [)arts of America. 

•In our Exhibition of 180*2 Messrs. Powis, James, 
an!l Co., London, exhibited a im|^chine with a com- 
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bination to cut "both timW* and deals, which was 
then sonfbwhat of a .novelty. ^ The timber was fed by 
means of fluted roller*, was kept ^ steady by uni- 
versal jointtid^ pressure roUeii^ ^a-t the sides and top, 
acted on by springs to adapt themselves to inequalities 
of surface. JThe c*jss-hea<fs of# the swing ft auK* werci 
of steel, anc^ codrtterbalancefl by tly wheels, tfie franie 
was arranged to drive frbin above^or Ijolow at 190 
revolutions per .minute, t*arrying saws* adapted to cut 
timlJer 2r)«*inclies deep. Messrs. Jt and, T. Young, 
*of Ayr, also exhibited a frann^ adapted for eutiing 
deals. Wjth the exception of its being driven from 
the top of the machine by an extra long connecting 
rod, it did not possess any special fV‘ature. 

In the year 186d Mr. W. B. Haigh, of Oldham, pd- 
tentettvarious^improvemmits in connection with vertf?al 
saw frames, and direcl-a<?ting engin(‘S for driving same. 
The swing frames w(‘re arranged on the equilibrium or 
balancing priheiph*, ami were joined by connecting rods 
to CTanks set at half-centres on the shaft of the steam 
engine, in order that the swing frames may move in 
o[»posite din'ctions and balance «*ach other, and also 
enable the j)ist<m of tht* steam tuigip^ to havi' equal 
work at •!! parts of if^ stn»ke. The saw frtime is coii- 
m*bt^l lU th(‘ front to the ]»istoii iy«l, and'^itClie back 
•to th<» conne(*ting md, so that the pressure of th<‘ cut 
is divided between tl^^ ^nston rod# and tlui snj^ eon- 
no(;tiyg ro<l, a*d thereb} gives eipiilibrium to the strain 
» upoq the working parts ; but, when (Tesired, the piston 
rods can be at the bjick, and the comiectin^^ rods at the 
frdiit. '^he shaft of the steam engine is iientral witL 
the half-stroke t»f the piston, :Tnd the ••onnecting it)dj 
are brought down tVi>m the piston rod to the era,n\s 
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which arraiigement saves.the length of the connecting 
,rod and shortens the framework to a coii^sponding . 
extent. I’lie feed is giveVi J>o Uie timber in the usual 
manner * by two separate eccentrics wpfking on the 
crank shaft, and connected by rods to panls working 
in t\\o givwved wheels*, fixed to tht^ shafts- of the fluted 
rollers on which the fimber resh;, aiul the fences 
a»minst which tlie side of tiie timber is in contact are 

O , t 

adjusted by sot screws and*^ fixeTl tQ the stationary 
frame. Tly* rollers for keeping the timbera^gainsi the 
fences are connected ^o two vertical shafts, working in 
bearings at each side of the frame, and to eQ^ch shaft is 
fixed a lever, attached to a spring by a rod, having a 
screw* sufiiciently long to shift the roller for taking in 
various thicknesses oj‘ timber, there being on the screw 
aflvl against the levi'r a nut in a haml wheel, which is 
turned to shift the lever and the roller and give the 
necessary friction against the fence. The holding-down 
rollers are connected to large nuts working on screws 
in connection with springs in the usual manner, for the 
purpose of adjusting the rollers to the various sizes of 
timber to be sawn. 

In ,the steain engines for >vorking tlie saw frames 
the slide Icox and valve are plated at right *::ngh*s to 
the length ^f the iwlinder, and the steam pasacigt^ are 
arranged accordingly, in order to work the slide direct 
from tin* fccentric by a straightaod. 

Foflowing the Kxhibitivn of lSfi2. Mr. (’j;a|-le8 
Frazer, of Norwfdi, introduced, and j»atent<‘d seyeral 
impro^'iutuits in ^eal frames, one *of which was the 
int;oducti<^i*of feed rollers on the fence side of Vhe 
deal, working in coiijirtiction with a wide feed-roller 
acting on its other side, thus securing a greatly in- 
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jreased feeding power. He’ also oltymed the use uf 
L'OunterbUanced saw fratneij ; but this plan* we think,* 
[•an liardly be considei^d ^»ovel„ as it is described in 
Gibbs and G^lej’s p^itent, *datbd,1835. Frames built on 
this plan, howevei^ pan be driven at a greatly increased 
speed. Wh^her litis is an advatit|ige or not*)^s been 
the subject of s^ ^nuch discussion amon^t engineers, 
that we ^hall not enter on the question here. Each 
swing frame is fitted with a separate Teed motion, so 
that on onoitjide of the frame a deal cdn be fed thijough 
the saws at the rate of 5 feet m* (> feet per minute, 
whilst on tjie other sMe ot the frame a piece of hard 
timber could be made to travel, say, 1 foot per minute. 

In 1807 Mr. Samuel Worssain patented an improved 
method of packing timber on saw frames and trying-up 
machii^es, b^ ^fliich the supporting table is provided at 
short intervals with several tnuisverse rockii^ supports, 
which, when w^edged up from below, will tit against the 
under side of flic timber apd will take the weight of the 
timber at several points, whatever may be the uneven- 
ness of the under side*. 

Messrs.^ llobin son and Hiiiith, of llochdale, have re- 
cently patented several improvements •connected with 
timber ami <leal framdfe, including an airanTrtunent for 
risftigb and falling the rollers, carryUig^tlieUr^S* Avhilst 
being sawn, thus rendering them adjustable to any iu- 
eqmflities of surface in bln^timber, and making br(#ikagp 
le'ssji^ble whe* sawing crcM>ked and uneven logs. Atf 
, improved method of cutting scantlings is also intro- 
duced, by wfiich mejus this class of w'ork can be cut 
at j| greatly increased sj)eed. The connocttiig rod* is 
arranged to take hold of the saw frame at the cenfi’e 
of each side, instead of the bottom, as hitherto, fiy 
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this plan incroqsod st-reftgth of fraini*, ease in work- 
ing, and Ipss deotli of. foundation are tlie advaniacres 
claiinocl. 

In the rooont (187^) *Inijprnat.ional^ Exhibition, held 
at Paris, several timber and deal frames were shown, hwl 
none epntaining an^v Vs})ecialljr novel fealnn\ Messrs. 
Bollinder, of Stockholm, exhibited *a, strong roller- feed 
timber frame. 'Che bottom feed-rollers wer(fi^>nstriicted 
with sharp tobthlike projeefions; tlie top rollers were 
plain. The teeth of the saws were sj>acVl extremely 
coarse, adapted, we presume, for sawing sappy iiniber. 
In the Austrian section the Ateliers de (ionslrnction 
of Budapest show(*d a powerful timber frame titted wilh 
roller feed, w’hich was adjustable by a. simple ratdc and 
'j^inion arrangementi The feed rollers were all geared, 
and the swing frame was driven by double corwieeting 
rods placed within the main framing. Several frames 
were shown in the French section, notably by F. Arlsw, 
of Paris. In some of them the swing frame was titte<l 
on the face of the main framing, instf'ad 4»f in the 
centre, as is usual in this country, and motion was 
given by double wooden connecting rods and fly wheels 
placed on either side of the uprights. Inferior and 
flimsy castings marred in a gVeat measun^ liowever, 
their g^mjral aj)p^'arain'c. 

Various otln-r improvements have recently been ia- 
trodiv*ed by Messrs. Me}id( 0 \^, ^f Ib'aton Nawris ; Virt- 
•land and Anderson, ef Dunde*- ; \Vc»rssa4n, .Tohn 84 m, and 
Hewetson, Haigh, and others, but our prevents 

more than a passing notice. 

• Fig. Or iflu'^t. rales a si'll'-funt.iinnd, ro]]er-f(jed, veflieal 
«Jlw frame driven from above by bolts, by John M'lJowall 
*aVl Sons. This laachino has been especially designed for 
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sites whoro it is (filiicult to foundations suiUoiciitly 
deep to *-ive from below. The cranlfshaft driving the 
swing frame is mounte(lo\*;T’ 5 iead on tlic tof of the side 
frames, a rceij^rocatwig mo^fi<jrv»l»eing given to The swing 
flame by mean^ ni two outside eonnecting rods coupled 
to it, near i^centri Tlio /hfe ^f feed ca« te aijjusted 
to suit tlie i?iV,o atid nature of»thc iJimber by mifans of a 
silent foe 4 wheel of V section, if desired^ an a|.paratus 
can Iki fitteil to tin's machine, by wliujh two deals or 
Hitches of^liinber can Iks cut at tlu; same time. The 
. machine shown is fitted with a roller feed, hut fot lianl 
and crooked timlier <-a rack-feed— which avoids slip— is 

log band and re-saws have of lat(3 biion 
larg(‘ly inlrodiUM'd, and have for certain classes of worjv 
sonu^what su]>«rsed(Ml Yorti(*.al log and d(ial fraiii(3s, tl:^sc 
latlor arc still largely used, and although they do not turn 
oiiD so much work, they n^quirc loss skilful rtianagcmcnt. 

Vertical log frames hav(i of recent years Ix^cn coii- 
sidcitihly improved in their working details, and a 
niachino luiilt f)n the following linos can he recoin luendod 
for general purposes where an adetjuato foundation can lie 
olitainc'd-^a ccntial (lri\on roller-feed frame witli a lono 
strok(\ ^Tn tlu'sc luajiines the driving puyeys—which 
sWudtl of large diameti'r — are placed in tli« ct‘jili-e of the 
^machine hctweeai the hearings, and*tlif3 swing frame is 
ojMwated by outside connecting rods attached k) balanced 
Hy-wlieels placed on cacH side of the frame. Tlfc swing 
frame, shouM combine strength with ^’ghtness, and have 
all file recijTi'oc.ating parts carefully balanced. « 

% There arc a coftsiderahhi nnmfxu' of# modi fi rations 
of recijfl’ocating saw f rames • designed aiiS espocaally 
adapted for particular classes of work. These ji\a- 
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chines differ coiisidcnibly* in their feeding and other 
Retails, but we shall be unable to give them mdre than a 
passing notice. For general I(%-sawing, where the ti Aiber 
is tolerably straight, tli6« ordinary* verti^^F saw-frame, 
fitted with a roller feed-motion, is tlie^ best type to be 
employed.* ‘fliis roller fec<f is continuous, and allows 
the logs to follow each other tHrough the ssaws without 
stoppage. Care must be tdken that the tifcijier has a 
good bearing on the feed rollt^’s, the sU aightest side of 
the log beii\g plaoed on them. Some makers, in addi- 
tion, so arrange that tiie rollers can bo raised or lowered 
by the sawyeis in charge, and adlipt themselves to any 
inequalities in the log. For very irregular and crooked 
timber, frames are made sjx^cially strong in their details, 
and what is known i\h the * rack feed ’ is usually em- 
plb}’ed, a racii actuatod by a pinion boihg the method 
of bringing the wmxl up to the saws. The rack is 
bolted to tl*e under side cd' the travelling carriage on 
which the tinilxT is placed. ^This carriage is usually 
made of cast iron, truly planed, and running over 
turned rollers, which revolve in cast-iron brackets, 
fixed to the fioor of the mill at either end of ^he frame. 
The log* is suppj^u’ted in front and behind the saws by 
adjustable ftiiction rollers, arrangM to rise amVfall and 
adapt thfinjelves t^» any irregularities of the*tii»b<?r. 
By these means a firm bearing is obtained as the saws 
enter t^ie wood, and thus the vibration and thrusf of 
the saw frame is overcome. • Vhe ends 4 )f the Ici^f are 
held by cast-iron carriages, which fiavi* a lateral motion. 
They afe also fittei^ with adjustable wrought-iron jaws, 
which are .opened or closed at pleasure by jnei»Ji8*of 
screws. The log is kept* firmly on the travelling tfible, 
ukifally by weighted pressure-levers, which can be easily 
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djusted by the sawyer in cHarge. ^ Saw frames for 
orest U 8 e%.re made so as to be^ semi-portable or porta-, 
►le, the latter being mounl^cf on wheels ; ttey do not 
,s a rule, lfd\yevor/difFer, essentially from those just 
lesoribed, except that the main standards of the ma- 
diine should^he boTt^d to a itfassive bed-plat^, ^^li dis- 
)enb08 in a greaf fneasuVe with other foundations. In 
•egions \jlfere the trees t*o be sawp are sometimes 
jovered with ica, and likely to slip, it is necessary 
o have griffiter feeding poww, to cifirry Uieni safely 
through the saws. This can be ijccur<‘d hy employing 
bur serrat«id feed-rollftrs, instead of two, as is usually 
lone. These toilers all gripping the wood at one time, 
immense extra feeding power is thus gained ; the top 
p.air of rollers are made to adjuist themselves to thfe 
krarving thick ifess of the timber. Frames can be ar- 
ranged to cut two, four, or more logs at^a time, if 
uceossa.ry. 

Fjr cutting valuable woods into thin hoards for use 
as coach panels, pianoforte tops, &c., a single-bladed 
frame, driven either vertically or horizontally, is usually 
employed.^ In these frames, which require little* power, 
very thin saws are used, to prevent uniricessary Waste of 
wood, ^^ley are nsuHlly fitted with a vafiable, self- 
acfing rack-feed, to suit hard or s«ft^>vooJls,*and the 
l^aws are arranged to cut both ways of the^ traverse. 
The* advantage of thest? fyimes for this class of wrk is, 
tl^t m they o»ly saw^ one •board off pt a time, an oj^ 
portynity isjgiven to examine the soundness of the log 
as cut, which, if not^ found suitable^ can be put aside 
amt otherwise converted. In connection ^>ftth single- 
bladed saw frames a patent w’as taken out a few yelrs 
since by Messrs. Jtobinsoii and Smith for an improved 
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swivelling and blitting slfde, which enables the frame 
carrying tly? saw to be di*iv^en at a high rate of speed, 
as, no matter what anj^le ithe*' connecting rod is at, 
owing to the swivelling aVrangement, tj\ere is no undue 
strain on the saw frame pr bearings. The saw em- 
ploye(^F\is* arranged ^tO cut both wiJya of'tthe traverse. 
In the Unite'^ States, what is known a*? a ^ Miiley saw * 
is in use for making single cuts. It consists^/ a single 
reciprocating Wade, tapered somewhat from, tlie 
points of the teUth to the base of the sa\V. It is ol 
thicker gauge than tthose generally in use, and is 
strung without the aid of a avtiu^ frame, and is run at 
a much higher speed than the ordinary machines, 
generally some four or six hundred strokes per minute. 
In many of the American and French frames the swing 
or saw frame and other reciprocating parts ar^' made 
of wood, to secure lightness as far as possible, and, 
contrary to English practice, the fly wheels are occa- 
sionally used as driving puyeys. In American, deal 
frames the wood is usually fed by four plain rolhu’s 
driven vertically, one pair acting as a fence or guide, 
the other pair being allowed to expand, or« allow for 
any inequalities in the timber, by means of a spring, 
the variations in speed of feed being seenfed by a 
grooved Wheel aiulcpaul, a ratchet wheel, or cofie pulley 
and rack and toothed wheels. In addition to the roller* 
and rapk-Jeed motions for sa^v frames which Ave havf‘ 
noticed for cutting deals at a rapid rate, what is known 
as the chain feed is sometimes einployed| This'con- 
sists of one or more endless syuare-linked chains, 
acc#rding ^o the number of deals to be siiwii. To 
tlidse chains are fitted movable ‘dogs,* which grip the 
enfis of the deals. Tin* coiitinuoufj forward motion to 
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the chains is obtained by wowif and worm-wliecd gear- 
ing, actuifbing drimis toothed to correspond with the 
links-o/ the chains andi g^iii*lng into same* This, for* 
small-sized fftimes rmming^at •/ high speed, we*consider 
a very usefdl for^n*of feed. Through lack of power or 
other causes, rtt is •s^metimeis jieOipssary to MrWe^mber 
frames independently of flie other machinery or simfting. 
This is doiftj (iither by attaching an engine directly to 
the crank shaft yf fram(?,»or lixing a steam cylinder at 
top or basest same, the piston rod in connjBctiou with 
■^ide rods b(‘ing coupled directly, to the swing ffame. 
By this nn;tho<l steam»can be brought from a distance, 
or a small additional boiler provided. The cylinder is 
constructed so as to regulate the amount of steam used 
in proportion to the work in hand^ The general details 
of the^e fraim^ are usually of the ordinary type, afld 
the whole is tixed on an (?xtra large and lieavy bed- 
plate. • 

VVhen, owing to water or other causes, it is impos-- 
sible tt> <lig far beneath the surface of tlie ground to 
secure tin* ic*cessarv firm foundation, fraim's are con- 
strue t(al to drive by a iiell from alKive, the crank shaft, 
])ulleys, &c., being placed at the top ^f the machine, 
instead •f at the bast®. In Uies<j cases, in •'addition to 
a ?mideniit(^ foundation near tiui hwyl of mtU floor, it is 
• generally necessary that the iVame should be firmly 
hx(Td or stayed overhead^to sirong*u*oss-bea!ns^and, if 
}K)ss^>le, the »end of the.erank shaft suppoi'ted b/*a 
strojig sole-plate or *l)raek(?t, built iiito the side wall. 
Where saw mills are of light construction, tht^ frames 
ai^^ nnul^' sclf-contaim^d — that is, the ef'mik shajt is 
fixed overhead on a strong eittablatnre, bolted to»top 
of machine; this entablature is usually of box sect to n : 
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the outer end of crank'^skaft w supj^orted by two cast- 
iron columns, br4ced together, and stayed by^additional 
diagonal sfays from the of columns to the top of^ 
main ff^ming of the 'juachine. < Where? it can be 
avoided, we do not reconiniond frdniJjs driven from*^ 
above, amongst ^ttiej^ drawbaijka, aa a rule, the 
vibratJSii is found* to be excessive. • 'considerable 
number are \uade counterbalance<l wfUi ily> wheels at 
eitlier end of iu*ank shaft awd the dnving pulleys in 
the centre, niotiop being given to swing fi»^me by two 
side ‘rods; in this aiTangenient, however, provision* 
should l>e made to tix diagonal* stays, if found neces- 
sary. Fig. 6 illustrates a FrazeFs equilibrium double 
deal and Hitch frame by A. Kansome and Co., limited. 

, Tliese machines are designed to run at a liigh speed 
aiid are lilted with two separate .swing frames wlqeh arti 
worked from one double-tlirow crankshaft So arraiig(*d 
tliat when cue is at tlie top the (dhtu* is at the bottom 
,of tiie stroke, and tlH‘y tims counterbalance each (»ther, 
enabling them to be run at a'consithuably higher s])eed 
than an ordinary <leal frame, at the same time the 
necessity for a counterbalanced tly whwl is ol>viated. 

Each swing frame is tittt‘d with a .s(*p;Vrate feed 
motion, enq^bling* two classes of York to l>e cyt at tlie 
same time af difterent rates of sj>ee(l if desired. 

The deafe aredVMl liy means of a pair of vortical feed* 
rollers, lM.)th of which are driven and provide a poweiful 
fe^d' ‘die? cranksliaft is littfd with a'ju'avy driving 
pnlley at each en(bto etpialise the strain on the shaft. 

In stune deal frainesof recent construction dnad jnstiible 
friction-di.sf; feed Iwls ]>een sulwtituted for the urdimiry 
cam-wheel fe.ed, and forci^l luhrication for the m'ank-pin 
bejy ings has lK*cn introduced with very satisfactory resuIU. 
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CHAPTER VII 

Jk 

TIMBKR ANt> DKATi FRAMES, ETC. --COWUMWeci. 

Sevi'KAL p’ltoiits liave recently been take*!' out for im 
proveinents in recipDcatin^^ saws, amon^^st which mil 
.be mentioned one by Mr. Ed'ivin (Jhubot, of Sontl 
Norwood, dated 1877, who cltiiins as novel, on behal 
of Ferrando Morel, of Barcelona, an arrangement fo 
sawing timber in su<*h a manner that four thick plank 
may be simultane<uHl\ sawn up by hMr sets of saw 
carri(‘d in one reciprocating frame, it is described a 
f )llows : 1 arrange tlie machine in such manner tha 

in plaee of the reciprocating frame carrying only on 
set of saws on «*ither side of the travelling carriage, 
arrange it to carr\ two sets of saws, and I provid 
sc'parate iruides fu' each jdank of limber, to be held u] 
to one plank oti (aieh side of the carriage, the one beiiij 
pressed towards the travelling carriage, and tlu‘ othe 
away frbiik it, uj) k) their respective guides. '!’he guide* 
can be set towards or away from their respective sets 
saw'sdvithnut stoi^ung the ipachim*. The machiho, a 
‘heretofore, is pn^vided witlmi main driving-shaft, havin| 
upon it a crank for giving motion to the re‘*iprocatin| 
saw-frame, and with rollers for supporting the plankf 
aifd wit]i*a slowly moving carriage, actuated by a'^rac^ 
and [union, for traversing forward the planks of timbe 
up to tin* saws. Provision is also made for setting th 
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saws situated at one side of the traveling carriage to 
cut up a single plank of considerable widtlv whilst at 
the same time the saws hn the ^opposite side ap set to 
cut up two ^)la»k^- ^ 1*116 saM,\s/a^ heretofore, are set to 
any desired distance, apart, according to the^niiniber ol 
pieces into wjfich it is desirecl to diyde the phml>(f. By 
the above coi»«trimfion of marine, four different kinds 
of work <4ati be performed simiiltaneinisly, instead of 
two, as heretofore.’ * 

Mr. Sani«i(‘l Wowsam also in 1870 securoi a pi^tenf 
for improvemeiits in equilibrium* saw-frames. Tlum 
chiefly consisted in usiifg two separate rack-feeds placed 
side by side, intermediate of the two saw frames, and 
placing the feed wheels both on the same side of the 
machine, thereby enabling the f^ed of each dtr.il or* 
plank Db be, regulated independently of the other, and 
enabling a single attendant to attend to ^both feed 
wheels from the* side of the machine, thus doing away 
with tiic expense of a secoyd sawyer. 

[mprovements in the general arrangements of the 
]>ar<s, and the mode of opi‘rating horizontal reciproeal- 
ing saws ftM* cutting boards, have recently (187‘J) been 
patented by Mr. Adam Knox, of Ulasg(.%v, by wlrtcb he 
claims a jji'catly increased production wiili /t*s.s power. 
llis*dfsig^is, although slightly coinpVw^ havt ctmsider- 
iMe merit in arrangement; we therefore describe them 
s(unewhat at lepgth. improvements claimed nre 

as folli^ws 

The gt^nepil constructhm or arrangement ant^com- 
hinatioii id* tlie parts of wood-sawng leadlines or 
mechanism, of the horizontal reciprocating ^lass ^vith 
blade or band saw i»r saws, ivcipriM*ated on tin* pen- 
nherv of s<*irmental lyvers or on pullers. 



6o . WOOD-WORKIf^P i^ACHlNERY. 

The carrying and actuating of a horizontal recipro- 
cating blade or band saw or saws on the periphery of 
reciprocated segmental le^er^ or on pulle/s, either 
having an edge-rocking or curvilinear motion given to 
them or not, as desired, for the cutting of wood in 
liorizb^^itdl sawing mavihines. 

The cariying of the reciprocating segmental levers 
or pulleys witlu their saw or saws on filiod centres 
(either with or without antifriction pulleys) on vertical 
slides or gitide frames, to give the diflereiil thicknesses 
of wood to be cut in horizontal sawing machines. 

The giving of the edge-rocking action -to the seg- 
mental levers or pulleys carrying and actuating hori- 
zontal reciprocating saws (in wood-sawing machines) by 
radial links, cams, oi* angled centres. 

According to one modification and arrangement, in 
coupling the horizontal transverse reciprocating saw by 
its two iMids direct, by buckles or other suittiblo coup- 
lings, to two broad, thin blades of steel or other equi- 
valent elastic or tlexible bands, so mounted on as to 
recij)rocate over the upper periphery of two large 
strong but slight v>8cillating pulleys, or it might be 
duplex segmental pulleys oscillating vertically on strong 
studs projecting from the face of two slideet mount(‘d 
ind worked simultuneously by screw spindles ‘6n #rtrong 
vertical glaned guide frames, with long bracketed solii 
behind on each side of the ordinary hnigitndinal car- 
riage carrying tlye wood to be cut, and tlaversed on the 
fiiain stationary l>*d fninie, which may rest in front on 
the strong d^ep tnwerse frame, secured to the foundation 
[)elow, and carried or branched up so as to be secured 
to the vertical slide guides or standards on each side, to 
day or niaki* the whole securely steady and' rigid. 
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An equivalent broad eJastlc'or lie^blo band is se- 
curely stretched on and between the uiidoj or lower 
peripheries of the pulldy ^ segmental levers^ one or 
both bands belhg^fitted with iigfiti‘ning screws to adjust 
find put the proper’ tension on ilie saw bhule and band 
below, to mak% the* drains afl •oqwal and serf-dbij^ained 
within, the rooking Triune* the carrying cent/es and eyes 
of the rocl^ihg pulley and segmental le'^ers on which the 
strains come being made vdry long to sustain ilic strains 
with iJorfectiftteadiness and little tear or wciw. 

• The two slide frames carrying ithe axle studs of the 
oscillating pulleys or levers are bound together by a 
strong bow frame above, with room for the log or wood 
to be cut to travei-se under it, and brackets project 
tlown from it with slotted adjustable guides for cm-* 
bracing and^steadying the saw on each side of the log 
or wocmI being cut. Thus the whole frame so bound 
togidher is can ied and simulta-neously raised or lowered 
by thc^ vertical screws in vertical side guide-standards 
coupled by a transverse shaft and bevid wheels at the 
ends, either carried in bearings on the frame below, or 
it might b\^oii a cross bt;am above, so as tO set the saw 
to the proper height at wdiich it is desinpd to make the 
cut into khe wood, to*give the required thickness of 
l)oafd» do^vii from the top snrfaee, wliich is liu.llly lirst 
(hvsscd (df or formed by one cut <»f the saw through the 
log or wood from wliiclf t]ie lx>ards nire to be cut, and 
which Js fixed on the traversiim tabic below the level of' 
•the Si>.w drafbi by the usual gripping side '“dogs’ and 
iigliteiiiug screws inojmted on the table, which is tra- 
versed as .usual by plaiii-runniiig, edge-rin»ned, afid 
flanged wheels or side guide-rollers on the plan?d 
guides of the fixed bed frame. 
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The sognienial pullt'ys and saw are oscillated or 
i*eciprocated by a long ^ connecting rod attached at one 
end to a lateral or crania pin <on one of the low&r seg- 
ments, and carried a(j)foss the ma<ihine h^ow the frame, 
with the other end connected to a* shifting and fixing 
cranl^pln*in an overhiwrg disc ir craifk on the belt- 
pulley driyng shaft, carried lon^o^tiidvially in bush 
bearings either, on the Idwer pjirt of tllb ^stationary 
guide slide-frame at the otlibr side of. the bed plate and 
machine, ^)r on the raising and lowering Vhb's tliui'eof, 
so as to rise and fail with the saw when desired, aifd 
fitted with compensating belt j^illeys ha’ taking up the 
slack of the driving belt when that is used for a(!tuating 
the first -motion crank shaft. 

The table carrying the log or wooil is fed forward to 
^he saw much in the usual maninn* by a^tootVed rack 
on tht‘ centre of its under side, actuated by a toothed 
pinion <»n flit' inner <Mjd of tin* transverse reversible 
driving shaft, actuated at a, slow speed to travtj'rse tlie 
carriage forwards by a screw wheel on its outer end at 
the driving-gear side of the machine, turned by a screw 
on one end* of a longitudinal cone pulley feed-shaft, 
shitted u[> out^of and int<» gear by the raising or lower- 
ing of the screw into gear wi\h the s(‘rew' wheel, but 
this is^ilsj) title<k "itli a bevel wheel, and pini«»nj’ and 
hand wheel or haiul craiik-shaft for feeding the table 
hack^vard and fowvard by hipid. 

F<»r luniiin!^ tlie tahlw hack at a«liigli s[>v/‘d, for 
making a frcsli cut (or it might he forward when rc» 
quire*!), an evtra J)t*lt pulley feed-shaft may he employed, 
with tw(j* loo^e l)evel pinions and clutehes oij, their niner 
rttces, and a. shifting a*nd reversing chitcli box between 
ftieiii, the lx‘vel wheels gearing inlo a bevel wlieel on 
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the extreme end ot tiie transvcn*.s'’e feed-inotion yluii't he- 
fore nienilf)iied, t)ie clutch box being fitted with an 
and disengaging lever, so as* to oitlier 
throw this liigl^-speod feed ,nioAo;i out of gear or into 
the back or forward gear, as d(jsired. 

The reci^'jocatihg inothm »gi\iGn to ilie* mny 
cither be that^of a* ittraigltt linS in tfic cut, yi- otlierwisc 
it may have^a curvilinear motion, preferably entering or 
cutting intf) the wood deeper and deepOip from the side 
tlie saw is ^ftiversing for tlie time b(‘ing, n^jikiiig th(« 
fticc of the cut of a convex curve, ^ind this motion niay 
be given tg the saw ^‘ithcr by radius bars or cams 
attaelied to studs or centres on the deep eye <d‘ Ihe 
segmental pulleys and to the sli<le plate, so set as to 
lengthen on the in strolo* of the .saw, and sho)t(‘n on* 
Ihe out Htroke*t hereof, and thus slide the [ndleys ]>r 
their (wes t(» and iro on their axles; or otherwise fixed 
or moviihh? cams might Ihj filf(Ml <m Ihe fixed or movabh' 
axes oJ‘ the segmental pidle\s for the said purpose ot 
giving this curviliiu'al motion to th(‘ saw. 

When it is desired to give the saw a, long recipro- 
ealing siroJ<e with a short crank or recipro<»,iting Tuolion 
of the connecting rod, the hover segnn^nts of the saw 
[mlleys (I# whi<*h the e<^niecting rod is conplef^), instead 
of R(*liig«of e(inal ra<li ns, may h(‘ less rJdAis than 
yie n[)p(‘r to wliieli the saw is connected; and in addi- 
ticmlo (or instead of) llcxiblc (li’ otlicr hanjj con- 
n(‘ct(n^b> the l^wer sc^monis on opposite sides of the* 
»mac}ym‘, a cimnecting rod may he attached to tlnvse by 
lateral studs in them on the opposite side to tfiat on 
wlii^li I he^actnat ing coniu'cting rod works. • • 

Althongh only one saw has Retm described as fitted 
oi> the upper segments or arms of the reciprocating 
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pulle)’ti, it will be.niidfer&tood that two, throe, or more 
may be so . fitted, each stopped and -coupleH below the 
other on 8ej,Muent« or piillays 1)1* a less radius than the 
first, corres[>onding fo the. difterent tbifiicnesses of the 
boards to be cut. 

^iSj;je ‘pulleys or s«tginorttiil levth-s carrying the saws, 
when niad<^^ in the form of segraeirts or-sectors, might 
be made of soli^ edge wood, or built, or of pwlial arms 
and side 6ta}"s or tie bars ‘’of light analleable iron, to 
give great strength with lightness. 

The connecting rod also might be made of wood dr 
light side wrought-iron bars fell* the like purpose, and 
the crank disc would have a counterbalancing segmental 
block, or a box formed on it for having lead filled into 
it to balance the wuight of the connecting rod. 

* In designing timber and deal frames, care should be 
taken that the main framing of the inacliine should l>e 
sutliciently stiimg to withstand the heavy strain neces- 
sarily put oil it when running with a large niimher of 
saws, cs[»ecially when sawing liard or frozen wood. For 
niaiiy years thesi* main framings were constructed of 
wood, the uprights being fastened to the cryss- beams of 
the saw mill ritself. A considenibh* niJinlx*r of tliesc 
wooden-tTamed machines arc ifow in use in ^he United 
States fiinl Uamuia, ami di» a large aiiiouiit of*wcrk. lu 
small-sized frames for cutting deals, Ac., the standards 
and p»p^lml fVuiiniatiun plateif are now often made in 
•one casting. This certainty secures great strength anfl 
compactije*ss, but they are liardly so handy fur repairs, 
and an^ more ditliyult to manipulate, in the first instance, 
when oiu the planing machine. In all reciprocating 
iftachines, the working parts should be <-on8tructed tc 
combine strtjnfjth witli ////A/wos in the greatest possible 
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dej^ree. In the workinp: or svfinj,' franv^ which carries 
the saws, ttiis is of the g“rg:U:(;st important. Tfc is 
fonud Chat steel of hollo^ settion is the most s^ii table 
material to effipl^j, as it k cftpgble of withstanding 
with ease the iimnen^ strain ^that is put on the swing 
frame 'when w^fl-kir^ a lar^e ifumba’^of saws iu*li^d or 
wet wood. TIms i^raiii is very great, amounting to at 
least five or ^ix tons per saw. The t<jj(al compressive 
strain that the swing fram^ lias to bear •should there- 
fore be calcnkCted by the maximum number ef saws it 
is*proposed to work, allowing a coimiderable margin for 
contingencies, as it is found when a large number of 
saws are used, and the strain is thus multiplied many 
times over, that unless tlie st(*el is of ample section, the 
cross rails will s|)ring considtu’ably. • ^ 

As r#gar(\/^ the crank shaft — which should be made 
of good wrought iron, and free from seams~the best 
form to nse for gt*nei*al purposes is tlic double or bell 
crank, ^vitb a bearing pla(;ed well up to the orauk on 
either side, and a third bearing on the outer side of the 
driving pnlh^ys. By this arrangement frames are found 
to be much^toadier in work. Cranks bent hv hydraulic 
pressure have latelx coim* cousiderably •into use* and 
when raaiiHfactnrod in Ais manner they possess several 
feidim'W w4iich rt'ndev them euiisiderakly stroigfr than 
tit* (U-dinary ‘ bhxjk ’ erank. The gradual pressure (»f 
the hydraulic pre|(s as it»i<^rms the tlwow of llie ig’ank 
forces yie ends the shaft tn wards, and the hbre of 
4he ir 4 »n i» not strained <»r broken, and it runs com- 
]>letely roumrthe throw, thus rendei’ing it equal in 
stren^rth t<^,the (dher parts of the shaft. In4he ordi- 
nary block ei-ank the iibn* of the iron runs across th^ 
web, and is much xvmikeued and damage<l xvhen^ the 



66 WOOD-WORKWS ^ACHINERy, 

‘throw of the arank.is cut oat, and a fh^tiire is veiy 
generalljr found to ta^^§jjfice in this web. The con- 
nectiii^ rod should afranged to take hold of the 
saw frames by means of fods on pilhfer ^ide at aboyt 
•the of same, as fltrength| ^nd ease in working 

.are ^lued, and 4 ess Jepth^of foundation is requisite. 
As regards the feeding , arraYigem«nts; they must of 
course be adapted to circumstances, 1 ?op presanre- 
lollers for deal or flitch cutting shoflld work independ- 
ently of* one another, so that two piecA of unequal 
depth can be sawn !it the same time. The bearings in 
which the swing frame works should bh adjustable, 
and by preference made of phosphor bronze. A very 
good plan is to have an opening in either side of the 
, uprights, and the liearings fixed iieayly flush with the 
outside of the frame ; they are thus eaacly {^t at for 
repairs, kibrication, &c. When frames are run at high 
sper-ds, the connecting-rod bearings should bo of phos- 
phor bronze, and especial care should be takon as to 
their lubrication, as the friction is very considerable. 
The cross hejids should be forged in the solid, of best 
fagoted scrap-iron. We purpose noticing ti»e buckling, 
sharj^ning, afid setting the says elsewluTe. 

The douhl«‘ horizontal saw fram»' UlustrateiTby fig; 7 h 
a very weK-kiiowfl type, built by Messi’s. Thomas Kubinsou 
and Soi^ fdniite<l. It is greatly favoured for cuttiiv^ logs 
of cuDtly tiinljer ifito l>uardsnind paiicVs — its special use 
Uuiig for 1110 tiicst siiwiitg. where quality of Vvork is 
of tapre inij)ortance than a large output. 

The doghle saw frame nut only [Kjssesses \ll the 
advanta<^?s of the single-hladed frame for® the above 
passes of work, but is capable,, of coui*se, of turning out 
cousjdeiably more work with le^s wear and tear, and 
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with^ oply ^ sthall iacroase in the amount of power 
required for driving, owing U -Our working parte counter- 
balancing oach^other. 

, The saw, fAftas in tnc inacTiine illustrate each 
work tn separate sli^qp, curried on a cross-rail,, which is 
raised by power two .vortical ’twrued pillara. The 
weight of the *saw frames i3,supp()rte<l on Sail-bearing 
thrust blocks, which greatly.f.wilitato its*easy adjustment. 

The front, sauf is only a few inches *in advance of 
the rear on^, so that the saws are working* together 
almost immediately at ,the commeftceraent of each cut. 
The distance between tho top saw and the under side 
of the cross-rail is 7J in., and the greatest depth that 
may bo cut between the two saws is 6 in. By removing 
tho back saw blq^le a depth of ISJ ift. can Ijc cut by thl 
front saW. • 

Tho working frames are built of steel, together with 
the cross heads and adjustable slide blocks. They are 
driven^rom a two-throw crank sliaft, having the cranks 
set at opposite centres. In the larger sizes, the crank 
sliaft bearings are mounted in slides, so that the crank 
shaft can \m raised or lowered for cutting large or small 
logs. ■ ^ 

Tho vertical pillar nearest the crank s]iaft is of 
smalt (flarfieter, so that tho conuecting*rods w(5rking the 
t^o sjws can pass on either side of it; thus the^istance 
between the two ^aws is'kept as shoft as possible, and 
tho sawe are easily accessible Tor putting«in or taking out 
t^f the*franfb. • • 

, 1^16 rate of feed variable, an(> can J)e started, 
stopped, and reversed at a high rate of speed Tiy niea^ 
of the controlling levers, and at any period of the cutting 
the rate of feed may 1^' altered. 
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CHAPTER VIII. 

PLANING AND MOULDING MACHi^Efl. 

• 

After tlie timber Ifaa been couTorted by means of cir- 
cular or straight saws from the forest tree into deals 
or boards, the internal economy of a saw mill is, or 
should be, so arrjiuged that they naturally pass on to 
the planing, moulding, and other miy^hines, for rapid 
conversion into articles of daily commorce. •Planing 
and moulding machines must, after saws, be con- 
sidered the most important of wood-working machines ; 
and as their action and manipulation are very fiimilar, 
and are oftentimes combined in one machine, we pur- 
pose taking them together. Before proceeding to 
machines driven by steam, it may be of sf^me interest 
to notic^ briffly a few of the ^different kinds of plane 
irons yoi;ked by hand, as it will enable ns to judge 
better of* the priticiples involved and the wofle required 
to be done by a planing machine. A plane ipay 
briefly described *as a tool •used by Hiose who work in 
wood to produoe straight, *flat, and eveii surface* in that 
material. Its construction and action* a A, hdwevef, 
too well kaown Vo need . description here. There^Upre a 
considerable number of planes, which are known by 
different names, according to their size and the pur- 
poses to which they are applied# Those chiefly in use 
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are the jack i^lane, trying planft, shooting plane, long 
plane, and smoothing plane. ^ TJiese are usuj^ly called 
bench planes. There are alsvf rebating planes foy form- 
ing rebates, thb blogk for.straightening edges, 

sash planes, grooving planes^ &c. ; also many other 
tools, usually .(felled* moulding ylafte^s or irons* These 
are capable of •projdcing at a slow rate a gieat variety 
of ornamental mouldings; beads, liollows, rounds, 
ogees, and ovoios*are tho^e most generaflly worked by 
hand, v;her(^ "small quantities and very simple orna- 
mentation is necessary ; but at th« best hand mould- 
ing is a very tedious anfl costly process, especially when 
wc consider that a moulding that would take a com- 
petent workman some hours to produce can be completed 
on a good machine in less than one 

Planes ai;e necessary for the manipulation of almost 
all kinds of work in wood, and those intendmg using 
them, either for business or pleasure, should first of all 
understand their construction, and how they can be 
best applied ; we cannot, however, here give them more 
than a brief comment. The jack plane is used for 
taking- off. the rough and prominent parts from the 
surface of the wood in coarse shavings ;• the plaitb iron 
is fixed iTi the stock so as to make an aflgle of 45 
degr*ee% ^ith the face of the plane. • All ottei' planes 
ate more or less similar to the jack plane, diffenug ordy 
in, dimensions and smaller Retails. The trying pUiie is 
longer •than life jack, plane; it is ptted with two 
feandles, amd .the iron is set ‘ finer,’ thus cutting a 
thinner shaving. Thq mouth of the plane is also much 
narrower. • The shooting plane is the longest*and most 
correct plane used, and is employed after all the others, 
chiefly in shooting tl^ edges of boards that have to be 
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joined together. The work of these and all other 
planes, ojiving to their slow production and necessary 
costliness, it has been foiliid necessary to supersede os 
mnch as possible, end the result is^tliat numerous 
machines driven by steam power, and adapted for all 
classes bf work, have alrnbst entirely takan the place of 
hand labour ; therefore, where considerable quantities of 
one particular article or pattern are required, and even 
when very smUll quantities are used, 'it is found much 
cheaper to purchase from a manufacturer chan to work 
them by hand. This can be easily understood, when 
we consider that the cutting action of a carpenter’s 
plane can be estimated to travel, say, at some 75 feet 
per minute, whilst the cutting edge of the irons of a 
planing machine tiavels some 4,000 feet in the same 
time« The principles involved in the two oporatiom^, 
however, differ essentially. In the ease of the car- 
penter’s plane, pushed forward by hand, a recipro- 
cating motion is obtained, whilst machine cutters, as 
a rule, have a revolving or rotiiry motion ; some, how- 
ever, are constructed, for special purposes, with fixed 
efttters, the action of which resembles ..-the hand 
plane ‘ reversed^ the wood moving instead of the plane 
iron. 

The first reliivble record we Inive of an attempt to 
supersede hand planing by machinery is contaitied in 
the patent of Hatton, dated 1776 ; but this seems k» 
have been only^ a scries of crpde iiiechanicab ideas, 
which were never acted on or carried int<\ aify practical* 
effect. In /act, the idea or iiiv(mtion can hanlly l)o 
dignified by the term ‘ machinery.’ As Reec says in his 
lifncyclopmdia, we take it that machinery, or mechanical 
means to dispense with or modify the use of hand 
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labour," must fulfil at least orte»of the following con- 
ditions: vii. ‘that it increases^ the effect of a given 
finite "power, so as to overcome a resistance that is 
greater, and vrpyld otherwise re/nain unchanged; to 
dccom*m’odat8 the direction of the moving force to that 
of the resistance to* Idc overcouie > and to re^idate and 
modify a variable force, ^o a^ to produce a constant 
and uiiiforu# effect ’ — these are the principal ends to be 
accomplished by •niachincfy. If this vras more fully 
borne in mWfd by patentees of the present day, some 
thousands of the so-called inventicyis would never liave 
been perpetrated. • 

Sir Samuel Bentham, in 1791, patented a i>laning 
machine, but, notwithstanding the ingenuity ol’ the 
inventor, it did not come into gei)pral use ; it was, in* 
the first place. Intended to be worked by hand power.* 
The principal object claimed by the patent was tin* 
adjusting of the plane or cutting iron, so that it could 
not byt perform the operation intend<*d, without re- 
quiring any skill of the workman, thereby remhu-ing a 
common labourer as serviceable as the b«*st joiner for 
this j^urppse. With this view, the plane iron was 
made the full width of the board, and pn each sidt^ of 
it were fked fillets, which projected below #he face of 
the T;)lana just as much as it was upended ".tc^ reduce 
Mie board in thickness, serving also to guide the iron 
sideways and to^gauge the thickness* , 

* Tlip plane w*is kept down by its own or additional 
•weigl^ts, > 5 dien necessary, whicli latter were so contrived 
as to be capable of having their positjoii shifted (furing 
theYime t|^e plane was making the stroke, thi? pressure 
at first acting forwards, and lastly on the hinder paft, 
to prevent the fore end dipping down the instant ^t 
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leaves the board. By ufio*ther.contrivuiico, the plane was 
lifted up on its return, so ^ as to clear the cutting edge 
from the ^YOod. This wasc.effected by a piece of* wood, 
which acted as a han^lle to^the plaiie,,i\»ntl to which the 
power was applied. It was placed, witfi this view* 
upon amailo ('xtend/ng«5>cross the'width^of the plane, 
and carrying on each side a ^hort le*yer, 4 )rovided with 
rollers at their extremities. The handle jh*ojectod up- 
wards from th*' plane, whicdi, being forced forward by 
it, assn mad an inclined position, as alsoUid the short 
leviTs, so that their ;*ollers thou rose above the cheoRs 
of the plane ; but when the latter w as drawn back into 
an erect position, the levers inoving with it, their 
rollers projected beneath the cheeks of the i)lane, and 
» raised it otf the beiv^h, the plane being supporbid by 
Ichem on its return. ^ • 

r 

In cases where tin* boards to be planed ^vere^Yinding 
and irregular, ‘(logs’ furnished wdth teeth gri]>pcd the 
board on eitluT edge and held it firmly between ^them. 
These * dogs ’ were arranged to rise and fall, to suit 
difterent thicknesses of boards. Where very thin 
boards, which were liable bj spring, ha<l to |;>e i\laned, 
rollers, Inade(I Iry levers and weights >V(‘re used, as they 
are even jvt the ]>re.sent day. Arrangements •were also 
made f«r J[)lanin<j; feather-edged boards. The mho ve 

machine had a reciprocating motion, which was secured 
by a enftik and wjieel, turned .by manual labour; the 
plane iron iiiovimI over the ivood, and tlic motion. gene- 
rally was intended t<( be an imitation of the Ciirpey tor’s • 
plane,* as worke(lJn' band. It was nut, however, a 
success. Jt*niight have been put in motion l]y wat^ror 
otiicr power, but we believe it was lU'ver worked use- 
ftfily; as an early atb‘m]»t, Imwever, to overcome the 
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labour of hand planing by ineclfanical means we think 
it deserving of notice. 

Tn*the patent taken out f>y ttir Sjimuel JBeii^ham in 
1798, in addittc^i^to numerous other ideas, he claims 
file invention and application of an improved rotary 
planing and ptoiilding machine. • ^ * • 

The chir f invepiSons relatiirg to planing and moula- 
ing niacliint^s claimed by Sir Samuel iBentham in his 
patent of 1798, before referred to, arenas follows: — 
A cutter ‘ bkfck ’ or roller, in which planing or mould- 
i7ig irons can be fixed, with arramiements to rise and 
fall same to suit varyit^g thicknesses of wood. Ho also 
says to gain time cutters may be applied to different 
sides of a piece at once, and such of them as make 
parallel cuts may be mounted on the same spindle.* 
In the«fiftl^ section of the specificatioii relating to 
rotary tools for wood-cutting he claims ‘The idea of 
adapting the rotative motion of a tool with more or 
less advantage, to give to^ all sorts of substances any 
shape that may be required, is my own, and, as I believe, 
entirely new.’ 

Ii^reftiroTice to mouldings he says, ‘If the circum- 
ference of a circular cutter be formed the slfape of 
any mouMing, and projected above the bencR no more 
than •necessar 3 % the pi<‘ce, being* shoveA (Tver the 
(?iitt(*r, will thus Ix' cut to a. moulding corresponding to 
the cutter that the n^vej-se of it, j^ist as a pfan^? iron 
cuts the reverse.’ In addition to nuiperous other in- 
•ventions and^ improvements relating to all kimls of 
o])erations for working >vood, Bentham in^this patent 
describes the process of preparing dovetail jt)ints wAth 
conical cutters, a plan which is still in us(‘. The more 
you peruse this ext j;aordinar 3 ' specification, the more 
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jiTonderful it appears th\i{ the inventive genius of the 
man coiil<] grasp and .seii forth so tersely so many 
original Ideas at the samte time — enough, in fact, to 
make twenty patents of the presenh drfy. Certainly 
Bentham may be said to have ori^nnated a very large 
share of the principles connected with Wood-working 
machineiy now in operation. 

The next great improvement in planing machines 
was made by Mr. J. Bramah,' of London, who took out 
a patent in 1802 for machinery, for the pur^iose of pro- 
ducihg straight, smooth, parallel surfaces and curvi- 
linear surfaces, on wood and Wther materials, in a 
manner much more expeditious than can be performed 
by the use of axes, saws, planes, and other cutting 
Instruments used b 3 »-hand. This specification is very 
voluminous. The chief points that seem t\> have been 
claimed arc that the wood to be planed is made to move 
in contact with the plane iron, instead of the plane 
iron being carried over the work by hand, in thei usual 
way ; that the cutting tool be made to travel across 
the work in a square or oblique direction, except where 
the use of a flfxed iron is necessary. He cla/mc^-^also 
the application of roughing out and finishing irons fixed 
in movable frames, with screw adjustment^ to suit 
thickness of timbev, Tliese irons were arranged *80 as 
to work at variable 8j)eeds, according to the material 
being ^operated on.' 

Acting on i^nd improving ,lliese Ideas, Bramah 
erected for tlie Government at the Royal* Arsenal, 
Woolwich, a heavy rohiry planing niiichinc, wl^ich 
CO urtained several very novel features, chief amongst 
wfiich was tlie arrangement of a liydraulie or hydro- 
static press, U* work the movable^ carriages on which 
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the wood ^intended to be jilailed was supported. Ita^ 
operation may be describe^J.^Jbllows: — 1% machine, 
was fixed on a solid bed of •bridle or stone wdijf, rising 
about one foot «,bove the .floor 4ine. Iron slides the 
whole length of the^ machine (some 40 fectl were fixed 
on these fouficlatyns ; these* ^iddfe yrere made*to incline 
some ' half-inch ^om the horizontal line towards the 
one end ot tlie machine ; at this end, beneath the 
machine, was fixed the cylinder of an hydraulic or 
hydrostatief press, having two entrance i)ipes, one at 
each extremity. The piston rod of this pr(‘ss was 
furnished with a raclS, which worked a pinion under 
and attached to a wheel. Round this and three smaller 
wheels passed n,n endless chain, which was regulated 
and kept to it^work by means of* an adjusting screw*. 
A chifinbey containing the condensed or compressed 
water was fixed near, and the water was ^onveyed by 
pipes to valves or cocks, which were so arranged that 
the wp-ter entered one ei\d of the cylinder, and urged 
the piston forward, and the rack working on the pinion 
under the wheel gave motion to the cluiin, and the 
travwHing carriages which supported thb wood to be 
planed attached to it. The water wjw then topped, 
and permitted to enter the cylinder at the oj)posite end, 
thus Toifjing the piston and carriage <>ack todti original 
*p 08 ^ion, the waste water in the meantime beiijg allowed 
to escape; this. gave a>f¥Jiprocating motion, sinWlar to 
that of the pihton of ,a sttmni engine^ The travelling 
carriagesit being attached to the chain one at a time, were 
thi^s hauled backwards and forwards undgr the rotsiry 
planing disc. This planing disc was fixed at* the end o^ 
a strong vertical spindle, which in its circumference was 
pierced with thirty h^les, in which were fixed twenty-eight 
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^gouges or cutters and two plane irons. The disc was 
ifept in a ^lorizontal position by diagonal braces, and 
was made to rotate at the rate of about 90 revolutions 
per minute, by means of bevel gearings ‘Which was set 
in motion by a steam engine. Thi^ the general action 
of the machine is pretty* oiear, as wliile the carriages 
holding the wood passed froni one end of the two slides to 
the other by the action of the hydraulic press, as ex- 
plained above, ‘ the planing disc was put in rotation, 
and so adjusted that the gouges and plane i^ons caught 
the surface of the wood as it passed under it. These 
gouges were arranged at difterent distances from the 
centre of the disc, and U)ok the rough surface from the 
wood, and were followed by the t\vo planing or finishing 
ilrons, which rendered the surface plane and smooth. 
I^he planing disc was sustained and adjusted to suit 
different thicknesses of wood, by means of hydraulic 
pressure immediately under the control of the work- 
man. 

The action of the above machine would doubtless, 
ill the present day, be considered very cumbersome, 
but as an early attempt to supersede hand lubotii.’ by 
mechanical means, and considering the resources at 
the conimahd of the engineer, it must bo conceded 
that the ^inflren live* genius of its designer was of the 
highest order. 

In 480^1 a Mr.‘ Hevuiis (obtained a pat(*iit for a 
machine for cuttyig or ‘sticking’ imuildings, making 
rebates^ grooves, and planing flat surfiuyes of small 
width. Thisj like Bentliam’s first patent, was an imi- 
tation of the action of liand labour in planing. A 
ti umber of moulding irons were fixed, either singly or 
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side by side, according to tlionvork to be performed. 
In a frame or box these irops yere arranged so as to 
formTihe mouldings require*!.* The wood was fixed on 
a bench, and box of jrons ;uade to pass* over it 
•lengthways •by a ccpinectin^ rod, communicating with 
machinery <vQ?able* of giving a ceciprocaffng motion. 
The crank \%hicfy ‘gave ‘the feciprocating motion was 
arranged tS vary the length* of its stroke according to 
the work required to be doTie. This was done by making 
the arm of«lhe crank to pass through a mortise in a 
strong box fixed on an axis, and allowing it to slicle in 
the said box. Set screws were used to fix the length of 
the stroke as wished. 

The irons were loaded to keep them in contact with 
their work by a long beam of wood, set up on end upon 
the sides ojthe box, and connected therewith by being 
divided into two cheeks, which at the lower sides were 
formed to an arc of a circle, and united to*the box by 
chaii^, in the same manner as the beams of beam 
(‘iigines are connected witli their piston rods. The 
up]jer paid of th(* heam was made tf> pass always 
tbr<Mighw>iie point by sliding between t>ictioii wheels, 
or otherwi io in a tube hung on tw*o pi^^ots perjiendicn- 
larly o\(hr the centre 8f tin? work, and at slicli height 
as*nfigkt be most convenient for 4:he len*gth of the 
stroke reqnin*d. 

'I'ho coiine^ding roilJVom tlie •crank men- 

tioned was jomted to^tho upright beam, near its lower 
end, and^by^this means the motion was given to the 
box of irons, the chains and arches at the T)ottom 
allowing jt in all positions to preserve the flaiio hori- 
zontal. To guide the box of plane irons in a rotti- 



7 ^ WOOD-WORK)i]SG^ MACHWERY. 

iinoar motion, anti aiso^to bear tbem oiF when they had 
been reduced to the dctpllj required, fences Vere usedj 
which were irons' sliding <‘perpendicularly in tubes or 
sockets iu the box ofi framq^ and clip|;;iiig a tongue or 
guide fixed in the direction of th^ . required stroke in 
the fmrrfe 8upporting*the bench. 
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PLAK/im.AND MOULDING MACHINES— 

Following Bramah’s patent, stweral improvements 
v/ere introduced by Burnett, Paxh)n, Poyer, and others ; 
blit it was not till the year 1827 that plaiiing machines 
were brought into extended practical use in this 
country. In tjfis year Mr. Malcolm Muir, of* Glasgow,* 
invented and patented a machine of most improved 
construction. Its mechanism contained many of the 
most' essential points as in use in planing inacliines of 
the pfesent day ; in fact, succeeding makers, although 
introducing modifications of their own, seem to have 
entirely accepted it os their model. As its invention is 
'Of OffliO interest to engineers, and mailvs an era in 
wood-working machinery, we give a* illustration of 
Mujr'a first machine, with a description of ft as given 
by flJbert. 

‘.IMiis machine, invented by Mr. Muir, of Jillasgow, 
has for its objeat the i?roparation of comjdtde flporing 
boards ^ with Atraordinar}** despahdij^and in the most 
perfect iftamier; the several operations of sawing, 
placing, grooving, and tongiieing being ay carried on 
at the same instant, by a series of saws, ji^anes, and 
revolving chisels. 

‘Fig. 8' represei^^ a plan of the machine, slighEly 
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modified, to render tit^ construction more easily un- 
derstood ^by the reader. . The machiiievy is adapted 
for the simple planing oi ^boards, as well as the pre- 
paration of square-jointed or plam-jmnttd flooring. 
We shall commence our description by an account 
of thos6 parts wbiOh constitute a simple planing 
machine, and then proceed to describe Ihe apparatus 
by which it is Ldaptfd to the preparation of jointed 
flooring. Th4 planing maciiine consists of a perfectly 
flat and straight bench dddy which should be at least 
twice as long as asy board intended to be prepared 
upon it. This bench is made fast to a block of stone 
c c gr other solid matter, which, together with a siiitable 
framing, serves to keep the machinery as firm and 
steady as possible. Along one side of this bench is a 
raised guide cc, which extends a«s far ns Uie circular 
saws i, i ; but only a part t*f it is shown in the figure, 
in order to bring some other arrangements more into 
view. About the middle of the bench a metalliu plate 
a a is let in flush wdth its surface, whicli forms a 
durable stock for the plane irons ; thes(? plane irons are 
of the usual form, but of greater breadth* 
boards^ to be {>iarn*d. The projection of their cutting 
edge is effected and regulated by screws, and 'the num- 
ber of plane irons •employed at a time is <leterlniiied by 
the degree of finish required for the surface of the boards'; 
three ijdane irons al e, however, generally used, as shovvn 
at A, A, hy the darj^ spaces behig th^^ mouths of the planes ; 
from this it will be seen that it is the lower side of the' 
board that Js phwied, and the shavings are delivered 
under the«inachine. An endless pitched chain, having 
ca^h h^K)ks at convenient distances, takes hold of the 
boards as tin y are put into tin* machine in suc^Jession, 
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while it is pressed dowHi U> the piano irons by springs 
or weighted levers, jis,.se^ij. at 6, 6, which are mounted 
upon tpititriction rollep, the axles of which are so in- 
clined as to cause tJie boards to ba uniformly driven 
agtiinst the fence and to pass in i\ straight line through 
the ma<^hine. Mq^titm w«given by band from a large 
I’pvolving drum, placed a|)ove the luaclrine (not shown 
in tlie figure), ‘.vhich communicates with* the drum 
upon the shaft of which is a pinion that drives the 
toothed ^vheel / ; the axis of the lattef carries the 
pitched rigger /, K)und which the endless chain is 
passed, and stretched in a parallel direidion with the 
l)ench, hv passing over the pulley z, at the opposite end 
of the machine ; at this jdace only a small piece of the 
chain is brought iwito view’, as the introduction of the 
whoh‘ of it wouhl hide or tend to eonfnst^ some of the 
other jiarts of tlie apparatus. The pulley z is mounted 
upon a tightening frame y which moves npon a joint 
at the lower end, the tensiop being increased or bssened 
1»V the wedges 1, 1, or by regulating screws. The 
parts we have thus described constitute a. separate 
machine IbV the planing only of boards# . b.. 
preparation oH' plain or s(piare-joiuted flooring boards, 
the following additional apparatus is brought into 
operation. A of the fence c is slifrhily hol- 

lowed from the direct line of the bemdi, to admit *of 
projecting ine(jutilities in .fhb edge.i of the boards; 
the.Mj arc removed l»y irons or^eutterj/ fixed on a hori- 
zontal! re vedving plate th»‘ perijdiery o/ which entei^ 
an apertui;e in the feijee r; and it is on the edge yf (ho 
l>fjard jAeseiite*d t<» this >ide of the maediine that a 
tongue or ieallier is tbrnuMl when riMpiircd. To [»ro- 
duce this effect tw(i circular sa\jH, y and A, are usetl, 
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one of which, g, revolves niidortthe hoard, and cuts it 
upward; tfie other, h, re vol^es^ above the board, and 
cuts ir downwards, to such V •depth only on ea^h side 
as to leave a frA*igue or f(‘ajiher*of the required thick- 
floss uncut. •By the progressive motion of the board it 
next passes ujfller ifie operation o1^ two circulaf saws i, 
one (uily of which*c?in be ‘seen,* as the other is directly 
underneath t)ii the same spindle, and sftf)arated only by 
a ring or washer, .which is%f the same thickness as the 
tongue. Tim‘se saws, acting horizontally, oi» at ri^ht 
angles to those at g and h, cut off* the superfluous wood, 
and leave the tongue projecting from the board com- 
pletely formed. The opposite edge of the board is cut 
parallel to the other by a circular saw k revolving 
vertically, which is called the ^^hreadtUng"^ saw; a* 
guide fi^ed to tfie lioad of 0 , which supports the spindle* 
of this saw (but which cannot be seen in the figure), is 
so place<l as to conduct the superfluous pieces, separated 
from tye boards by the saw h, underneath the circular 
saw / ; the slips are thus removed out of the way of 
the latter saw and preserved. The saw I revolves hori- 
is clilled the “ gi’ooving saw ? ” it is con- 
shhTably thicker than ordinary circulai^ saws, artd has 
long teetll to admit of^their receiving a “sef” to cut 
out til# ^Wlole of the required groove •at one wp^ration. 
'JMie spindle head which carries the grooving saw is 
adjjisted and fixed by scvejvs to a bmcket attacljpd to 
the head e, th« latter being placed iii slides, which 
Jcecp it st<ia.dy, and condmd it in a parallel direction 
when moved to or from the bench, ^-ll the parts^ that 
operitle on this edge of tin' board being thus (;#nnectQd, 
advance or recede together. This movement is effectecl 
by means of a screw fitted with collars to the fixe3 
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puppet 3, and working^ in a nut in the back part of the 
head o ; Jhe screw is turned by the handle w, and an 
index 9n the head o p^intll out the relative i)osition of 
the circular saw k with respect to thti «ther side of the 
machine, and consequently indicates the various breadths 
of the lYnished botvrds by pointing {q a divided scale of 
inches and parts fixed upqn the blo^ et All the saws 
are fixed on to* the spindles in the ordiimry way, by 
screws, nuts,* and washers;* but the "spindles are con- 
giderabl 3’* thicker than usual, h) admit of their being 
fitted with cutt<‘rs«or irons, which, by cutting hori- 
zontally, rebate the superfluous thickness of the board 
to a sufficient extent from that part which is destined 
to form the under side of the floor in all flooring boards. 
The heads, which cxn'v the vertical saws 7, are placed 
^on 8lid*M fixed to the block err, their horizontal posi- 
tion being adjusted by regulating screws, worked by 
the handles p and r, and their spindles elevated or 
depressed by [u-oiier adjusting screws. Motion is coni- 
niunicated b}' endless bands from a large drum wheel 
above the macdiine, such bands embracing all the vertical 
saw pulleys,"and also the rigger <»r pulh\v 
temieMiaie sh*.ft etc; and this int<‘rmediab‘ shaft, by 
means of half crossed or twisted bands t' t, gives 
motion* to the llorizimtal saws i and /. Thf. (Circular 
plate or plane /'is also impelled !>>' another half-twistdd 
bamlrf»,’froni a pitlbw ti, on tlu^ axis of the saw ff. 'fhe 
power which iiq[»el8 the whole niachim? is derived from 
a 8t<gm engimi or other prime mover ap|>tied to the 
shaft of thp largv drum whoid before mmitioned.^ 

* A iiumlxTof ihetw? machines were imule and erected 
by Mr. Mnir in Glasgow and other towns, and were 
in operation for many years. Mr. John McDowall, 
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of Johnstone, near Glasgow, mAde a number of ma- 
chines on Muir's model, g-fterwards in^troduced 
several* modifications and irilprcjvements of big own, 
for which he oBtakied a pategit in ihe year 1 836. The 
ctief of these* improvements cpnsisted in the introduc- 
tion — in tbe 4 ?lace^of the eadles^-c^Jiain feed,* which, 
when planing iliin, stuff, tac^ a tendency to tear the 
wood —of two pairs of rollers at the front and back of 
the machine, to feed the boards through* the cutters, 
by means of^ frictional pressure. The rollers were 
turned and made to act like the rollers of a calendering 
machine; the upper ones were held down by weighted 
levers, which gave them an increased grip on the wood 
which passed between them. The rollers were found 
to answer their purpose well, and I4ie thinnest boards 
were carried^ through the machine without difficulty. 
Another improvement was the introduction jof a new 
method of cutting tongues and grooves on the edges 
of the lioards. Muir cmpl<^ed four saws for this pur- 
pose, one cutting up, another cutting down, and two 
cutting in, so that two strips are cut off* the sides, 
tfingue or feather in the centrtf ; this plan 
did not act well when working on thia wood. * Mr. 
McDowalf substituted a set of rotary cutteis* fixed on 
verticaf j^pindles ; these cuthu-s weie»made tlie exact 
sfte of the tongue or groove required, and beinjj placed 
onpither side of the ma(fiii*ic in brackets working«on a 
slide, could be ftdjustef^by means of a^crew and hand 
%heel to sifit \firyiiig widths of boards ; this plaii^is in 
use ^t the present time. Mr. McDgwall plso, a few 
years' later, introduced several other modifications in 
these machines, including a silent feed motion witl^ 
differential action, ai^d an arrangement of combined 
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roughing and finiahin^ cutters for thiolvne|sing. The 
feeding viotion was ar ^ecvided novelty. As the deal 
entered the machine tg be* cut it pass^ beneath a set 
of feed cams, which mpped#tlie wood itntl carried it con- 
tinuously forward. This feed afrangenient consisted 
of horizontal travefsinjf* plates of /netal, tongued at 
opposite ends, to slide freely in eorrespdnding grooves 
in the top plate.^ of the standards, and upon these plates 
a pair of vertical parallel standard^ were attached ; 
the^o stahdards were connected at their uj>per ends by 
a light cross-bar. Each standard was slotted down its 
centre, to receive and guide the traversing nut-bearings 
of the cross cam-spindle. A screw was passed down 
from above and through the nut-bearings, so as to allow 
^the cam s[)indles 1^:) be set up or dipvn. Each cam 
spindle had an eccentric cam loosely hung on St by an 
eye, the ^lam eye being lixed against an adj\istable 
collar. Thus arranged, this nipper feed formed a com- 
plete traversing frame capable (d fn'c horizon ta^imwe- 
meut. 

The primary movement was given to these nipping 
feeders — of which there wtu-e six altogethct;*fllfT^‘ at-i. 
each end of the machine — by ;u toothed pinion on the 
first motion shaft. This pinion geared irifo a ^large 
toothed wheel .s<'t on a cross shaft, and carrying a 
second pinion in gear with a second spur wheel, fast on 
the actuating canl-shaft. Oi this shaft three separate 
cams or differeatial (‘(rcent^ic pieces were kt*yed. Over 
the periphery of eacli cam was set an rfliti-frictioif 
pulley, carried (m the horizontal arm of a bell-prank 
leVer, th5 three bell cranks being carried h)f>8ely on a 
^tud shatl. Tlie long vertical arms of t hese Indl eriuiks 
were connected by eyes at tbeiv lower end.s to tbeii 
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re8i>ective rods, wluch were seATe^-ally linked by (md and 
intermediate eyes to the bottom of each of the nipping 
franiesf. The three e.aiiis w^rf? so set at stafting that 
they each acte^J ^i,t different i)LTipd8 of the rev*olution 
^f their shaft in such a manner tliat an uniform feed 
motion was ifLveii ♦to the byVd 4 )assing thrwgh the 
nuieiiine. Tli\^ mSt^iod of feedtng tlTe timber, although 
ingenious, had several objections, am] has long been 
disused, but ii. certainly d<Aerves a passing notice. 

About tl^e year 1847 several improvements in the 
method of operating planing and ^moulding machines 
were introduced in America by John (^imberland and 
others. A great number of the machines hitherto con- 
structed in America were built witli cutters working on 
a vertical axis, as first patented J)y Bramah in this, 
(jouutrji in 18()f. Numerous altcn’ations and modifica-^ 
tions were, *liowever, introduced, which reiidt*red this 
class of machines much less complicated add cumber- 
some;^ among these may be noticed an improved re- 
versing gear fitted to the travelling table wlii<di passed 
beneath tin* rotating cutters. This consisted of two 
sj)iir^^\vh^eels, one twice the diameter «\f the other, 
gearing into a worm wheel. The opposite ends.of the 
shafts whicli thejfc wheels were keyed, itiested on a 

scretvfsy centred that when one is j-aised t5ie^ other is 
lowered; small pinions upon them are then brought 
into gear alternately with the rack ^tixed on t^-av»dling 
ta1)lo as I'oquU’ed — the larger wheel giving the slow 
» forward n^otion, and ftie smaller the tpiick return mo- 
tion, to the fra veiling table carry iuir the wood^to be 
plaiW. 
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CHAl^TER X, 

PLANING ANR MOULDING MACHINES — COnHwued. 

PREVioiTS.to onr Exliilntion of 1851 con ski erablft pro- 
gress was made in ^lie United States in planing and 
nioiilding machinery. Its rapid development was, how- 
ever, much retarded by the tyrannical operation of the 
holders of several patents, chief amongst which wjis 
/Jiat known as the ‘ \Voodworth planer.’ This patentee, 
Tt StM'ins, claimed in America the introduction* of the 
combinatiou revolving cntter-blocks and roller-feed 
motion for*planing wood. The validity of tiiis patent 
was contesttsl for man v years. One part of the p^itent, 
vi/. the rolh*r*feed arrangement, was known in this, 
eonntrv many years l>t‘fore. (Si'e patents granti*d to 
(*harles llaimnniid. London, 1811, and Hnrnq^««£t>iMM«ii 
provemeuts in ^machinery for planing wood, 1839.) 
Nt>twilhstanding these difhcnltibs, Messrs. U! Rogers 
and (.’o.,*<)f Norwi^'h, Sellers and Co., of Phila.lc^p'hia, 
Fay and (’o., of (?incinnati, Whitney, Wooils, aiuf 
other Aiticriean h 4 »ns«*s, a<lded » materially to the ad- 
vancement of this branch Qf manufactuie, as exempli- 
rn*d in onr Kx}iibitii»?is. 

Arfierican ]daning machines arc chiefly constructed 
aftcy two ,inod»‘is, known as the Wocm] worth and the 
Daniels planing machines, though of course modified or 
cohibimsl according to n-ipuremoutg or nature of work. 
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The Woodworth machine wasi patented some forty 
years sincef and its functioi^ answer almost entirely 
with dhr own roller-feed imfthines combined wjth re- 
volving cuttei4bl<^ks. Th«> Daniels planing machine 
answers in fts action to the one invented in this 
country by BA.mali, which hifvg before dfticribed, 
it liaving a lioinzontM arm* fi^tecl with a cutter at either 
end, and is Aade to revolve over the timber as it passes 
beneath fixed on a table wSich is driven by a rack and 
pinion or other suitable gearing. The travelling bed 
of the Daniels machine is sometimes combined with 
the revolving cutter-block and feed rollers of the Wood- 
worth ; it then answers to our trying-up machine with 
an additional roller feed. This combination has the 
double Advantage of being both a surface dresser and 
being able t<) plane timber out of ‘ wind.’ 

The Daniels or traverse planing machine^ is chiefly 
used ill the heaviest class of railway or waggon work, 
or wh€g*e timber is twisted or warped, and where it is 
necessary to take it out of ‘ winding.’ In point of fact, 
machines constructed with a travelling table are the 
o^h’^vtreeio’daning machines. The arm or (Ksc in which 
the cutters are placed revolves in a horizontal plane, 
and the cfitters attack the wood at right an<^es to the 
grain*. •With this class of machine no difficult^ ts expe- 
ribnced in working any kind, size, or condition of ma- 
terial. When very thin ^tjffl* has to be planed, weights 
or ’pressure rolters are used. The main framings of 
ihese machines axe usually constructed in America of 
.wood; the table, however, travels on planed cast-iron 
bed. ^ The cutter arm has vertical adjustment to suit 
varying thicknesses of wood, and the cutters are in 
operation during either traverse of the table. 
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The Woodworth pVimnt^ miw^hfiie, with its various 
modifications, posaossep i'eatiires of' niterest, and 

some pf the machines Constructed by the Teadiiijr 
American houses are; oxtreuiely coiupjeti? in their every 
detail. A short description of ,one, with additiomil 
improve^nents patented • by J. A. lAiy aifd Co., of Cin- 
cinnati, in 1862 and I §68, liiay nut bu out of place. 
The machine lukler notice is of recent construction, and 
one of the heaviest of its clfiss. 

The cutter blocks are made of wrouyfht iron, and 
ai'ran^^Hl to carry ^two, three, or more planing irons, 
and are fittt‘d with steel lips, which form a back, to the 
ordinary iron, similar to the hand plane. The journals 
to caJTy the cutter blocks are of steel, }>roportiom>d in 
'diameter to the wek.?ht of the cutter bkuk and power 
*of the machine. The bearings are ma^c iu length 
about Hve times their diameter, and lined with anti- 
friction metal; tlnw are fitted with self-oiling boxes. 
Machines which are also arranged for mouMing are 
fitted with an adjustable swinging pnjssure bar. T'he 
horizontal cuftta’-blocks have vertieal screw adjust- 
ments. The vertical or side cntter-block 
maileVith thr^'e wings and of gun metal, and an* fitted 
with a jratent clip for matchfng, and consPaiit lubri- 
cation Vs <}s[ie<*ia>ly seeured to both vortical unVl 'foot- 
step Warings. The vertical cutter-block spimlles ate 
fitt4'<\ to a frana* arranged^ w*itb vertical adjustment, 
and can be lowere»l beneath the bed ^»f the machine 
when it is required to use it as a 8urfa<.*e planer onlyi 
The ^♦M‘d rnllers, pf w’hi«di there are four or six, accord- 
ing to tlfe si/e of the inacliino, are of large diameter, 
and are all driv«*n in p.iirs hy expansion toothed gear- 
ing, whieh ‘gives’ to uneven timher about tlin*»*-fburths 
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of an inch in 24 inches, and ibhey are adjustable to 
different thicknesses. Th(;y.arg also arraiigj^d with a 
dead-weighting attachment,* ac|^ed on by levers^ placed 
beneath the nmihine, and jitted . in pivoted bearings, 
thus securing an eqi».l pressure when w'orking irregular 
timbev. The'upp,er cutter bji^k is ^tted with*a spring 
pressure roller before the ci^/and a yielding 2 >ressure 
bar after, wldch effectual^ resists eacessive vibration 
of the wood wheif under the action of the cutters. *lhis 
n-essui-e bifr is easily adjusted and is fitted with a 
'ange. The bottom cutter block* is so arranged that 
;he discharging roller carries the timber right through. 
These i-ollers can be swung out of the way when the 
bottom cutter block requires any alteration. 

For gaugiiig the depth when *3utting beads a pa-* 
tent attachwient is fitted into the pressure bar over the* 
under cutter block, which gauges from the face of the 
board being worked. A roller guide for keeping the 
timber up to the fence is also fitted, together wdth 
changes of feed for hard or soft wood, which is started 
or stoiiped by a double p\dley-feed b(‘lt-iighteiier. All 
h. ..ring.^ are fitted with largt* oil chambers, and the 
gearing v ith guards. Fast and loose jiulleys of Varying 
diameters are fitted to the countershaft. ‘It will be 
gath^-etl from this short descriptior# that thi» modern 
'American Woodworth idaner, in the comideteness and 
e»,sy adaptability of itetei^^ny detailsf is a woo(f-wprking 
machine of th8 most advanced ty{>e. 

In coftneftion with planing machines, in addition 
to ihe ordinary method of feeding, by geared rollers, 
the'endless revolving apron or flexible chain bed feod is 
used considerably in America. This was invented by 
James Fan-ar some five-and-twenty years ago. 1 1 con- 
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sists of a series of oaist-iroii slats or bora flexibly 
connected together, and, made to revolve over rollers 
at eitlier end of the machine by suitable gearing. It 
passes under the top cutter-bloek, itnd the bearing 
surfaces over which it slides are usually made of chilled 
iron ground smooth. The* usual pressure rollers keep 
the timber firmly on the apyon. For surfacing purposes 
it has some advantages, and is a rapid and powerful 
feed, but requires considerable care in its manufacture 
and manipulation, as the heavy friction to Svhich it is 
subject, unless careAilly guarded against, would ne- 
eeasarily cause its early deterioration. 

Amongst the other American planing machines may 
be mentioned those of C. B. Rogers and Co., and B. D. 
-Wliitney, both of whose machines possess some inti^- 
testing featinx\s. In one of Whitney’s machines, espe- 
cially adapted for re-finishing or scraping hard woods, 
the finishing cutters are fixed at right angles to the 
wood in movable drawers, and the wiK>d is forced over 
them by powerful fet'd rollers. (St?e illustration, fig. 10). 

Following our Exhibition of 1851 Mr. Baninel 
Worssam, of London, constructed a planing iffaclUTO" 
with roller feed which embodied several novelties. In 
the place of a larger number of small rollers he used 
two pair^okly, of eitra large size — some 2 feet diameter, 
we believe — and turned smooth on the surface ; these 
rollers were driven by heavy spul gearing. The timber 
was operated on i^ll four siiK's, the under cutters were 
placed between the first and second pair of fee'd rollers ; 
these c\itt<‘i*s consiJited of one pair of revolving cutt3rs 
for irouglkfig out,’ and two fixed cutters, set at an 
angle of 45 degrees ; and, projecting slightly above the 
be<l of the machine, these cutters gave a finishing, 
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smooth surface to the wood. "^P^ese fixed cutters were 
fitted into cast-iron drawer.s^wl^ich could be pulled out 
and replaced as required. OP he wood was heli down on 
them by me&n^ of weighted levers, and the whole 
arrangement was v^y coinjjact. Mr. Worssam also 
bre light out, 'a fe^ years i^fcervmrds, a marine, on 
Bramah’s principfe* for suTf|cfng and squaring up tim- 
ber ; it was* however, smaller and less complicated. In 
place of the ordinary gouges or cutters, Wilson’s patent 
cutters were used (patented 1857). These .consist of 
cylinders of cast steel, turned cyUndrically and bored 
conically ; the lower edge of gouge is chamfered on the 
outer side to form a cutting edge on the inner circum- 
ference. The gouges are fixed at an angle to the 
revolving circular disc, and the qjiips escape through 
the centre qf the gouges, which nre widened at theif 
upper end. When they become blunt or broken, they 
can readily be turned in their socket, thus j^resenting a 
fresh cutting edge. ^ 

In the year 1858 a Mr.*Williani Hunter, of Glasgow, 
introduced a method of planing wood on the principle 
Gie .‘v.tion of a circular saw ; the plaiiing tool con- 
sisted of a fine-toothed circular saw, hivving a ‘ dished ’ 
centre— that is, a sliglft concavity in the centre, similar 
to a*itjry shallow plate or saucer. This sawjvits caused 
to revolve at a very high speed, and the wood was 
passed between it and a fqnce. The«object in ♦ dj^hing’ 
the saw was -to allow only a narrow circumferential 
portion n«ar the teetli to bear on the wood in cutting; 
the saw ran without ‘ set.’ The inventor also cTaimed 
a modification whereby a single saw may be madg to 
plane two contiguous sides of a piece of wood ; the saw 
in this cose was constructed with a double ‘ dish,’ or a 
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thick edge, with a centre sunk in or tliiniied off for 
clearance. We have injver seen a saw of this construc- 
tion in use for planing, so cannot speak as to its opera- 
tion. Discs, with cutters projecting^ slightly beyond 
the surface of the disc, near the periphery, .tre now used 
for rough planing with, yiore or less success, and we 
sliall take an opportunity c)f noticing this method else- 
where. Some improvements in the feeding and general 
arrangement of details of roller-feed planing machines 
were patented by Nelson Barlow in 1855. 

Xbout the yea^^ 185h .Mr. Henry Wilson, then 
manager for Messrs. Powis, James, and ('’o., London, 
brought out a simple planing and moulding machine. 
For the feeding arrangement, in the place of all smooth 
•rtdlers, Ik* made the, upper ones tlutcnl, to increase the 
*l)ite on tin* wood. The pressure on tlie wood was 
effected by means of a single weighted lever, with beams 
to distribute the pressure ecpially on the rollers. 

Messrs, Kobinson and Sons, of Ro<*hdale, al.s<\. about 
this time brought out a new moulding and planing 
machine, the chief novelty of whieh was that the spur 
wheels whiclr drove the feed motion were actuaAA’d byji. 
worm tnotiun with four speeds. One of tlu'se maidiines, 
in whi<*ht however, wen* embodied other im[>rove- 
ments, tla^ exhiUted in our International Kfllii^dtion 
in l^ti-. Messrs. Forrest and Harr, of (ilasg(»w, alsd 
exhibi.te<i a planing and monbiwig inaehine. 'Phe feed 
consisted of a series of snuM^th frietion rollers, geared 
together hy long-toothed wdieels. The uppi#r frietioi^j 
rollers were adjusted hy means of screws, and the |>res- 
Hiiri* was j'pplied t<» them by meauM of spiral springs. 

Fig. 0 represents a he.ivy type combined planing 
and moulding in e.liinc from the designs of A. Raiibomo 
and Co., Limiled. 
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The ipain frainh of the •machine is of strong 
section, and •cast in one piece to* ensure freedom from 
vihraticm. The feed motion c#nSist3 of four feed rollers, 
all of which anjbdi‘i|T>n to avoid slif). Four ditrercn\ rates 
of feed — varyiig from 12 ft. \o 50 ft. per minute — are 
provided. Th^feed •roller gcarhig js placed at Ijie back 
of the machbie,^thu8 fcndcrinj^^tho cufters easy of access. 
All the feed ^earhas machine-cut teeth. ^ The top rollers 
are raised or loweyed simultaneously by micans of worm 
gearing, and ||,ro fitted with wrought-iron platen on the 
fence side, the plates having their edges rounded and the 
fluting extended over the rounded edges, so as to grip 
the wood, when sawn on the bevel for mouldings. 

The machine is fitted with top, bottom, and two side 
cutter blocks. The top cutter block is fitted with a 
canting arrangeiflent, and the ])oUom block is mounted in 
an adjustabloMrawcr, and its thickness of cut is regulated 
by m(‘ans of an adjustable lip which can bo •locked in 
any desired position. 

Tlie pressure ap])aratus (Consists of a series of hinged 
rollers actuated by lovers and adjustable weights, and arc 
arranged to act on the wood close up to the putter Ijlocks 
to prevent its vibration wlieii under the action gf the 
cutters. 

same makers liavc recently introduced special 
!*jgli -s])eed llooring and nuilL-hboard planing macdiiiie, 
which is arranged with variable speedy gear to gwe feeds 
freftn 50 ft. to 2^0 ft. per mfliute, according to the qiHality 
^of the wood. In this nf.ichine all the (fitter blocks are 
fitted with six •thin cutters of selfduirdening steel, tnd a 
vSpec8i.l jointing apparatus is also pi8)vide(> for them. 
The cutter-block spindles are arrangiMl to run ball-journal 
lieariiifis. fitted with dust-nroof housings. 
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PLANING AND MOULDING MACHINES— 

In the year 1864 Mr. Henry Wilson, of London, pa- 
tented some very v,aUiiible improvements in connection 
with moulding and planing machines, the most im- 
portant of which was a variable feed arrangement, 
which consisted of a disc wheel, from which, by t^>othed 
gear, the grooved rollers for advancing the wood to 
the cutters are driven ; motion was imparted to Uiis disc 
wheel by means of a clothed fricthm pulley, fitted on 
a shaft with a feather, along which the pulley was free 
to move, so as to act on the di.sc wheel at any desired 
distance from the centre. Hy regulating the position of 
the friction pulley, so will the feed be altered ; the nearer 
the pulley is brought t<i the ctmtre of the disc, the 
great^*r will be the singed of the f**ed. linduded in 
this speeitication was an improved method of .nounting 
the ver,ti<al or side-cutter spindles; these w ri litted 
in movable frames, with curved slots, which are 
capable )f In ing set by means of serews or otherwise, 
so as to allow one or both of the sjiirdles work at 
any refpnr»*d angle. This jdan is found of great value > 
when elaborate under-cut mouldings, hana railings, tVc., 
have to 1 m‘ tni insf out. 

In the Iiitorriational Exhibition held- in I'aris in 
1^567 an advanced type of planing machine was exhi- 
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bited by Wbi|ney in tlie AnK‘ri(:ii|L section; a inacbine 
also for I'uvthcr firiishin^^ the boards by inoajis of 

scrapin<^*vas also shown. Tlits was dune by fornpng a 
burr on a fixed phuiV-iron whli^d projected slightly above 
the level of thS^table ^f the nyichiiH‘, and over which 
the wood was forcec^by unmans gAi^ed rollers? 'this 
inachine, improved by Itichar^s, we illustrate (fig. lOh 
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In 18(»8 Mr.’SamutU Wdr.^sam, jn»., obtained a 
patent for impriiveineiits in planing niachines, kn^wn 
as ‘ ti'^ing-up ’ and ‘ squaring up ’ inavhines# wlnnebj^ 
in addition to their ordinary work, they waTC rendered 
capable, wdien desired, of siinnltaneoiisly working on* 
three sides of the tin^Jber under operation. This was 
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secured by moimtingj in a suitable frame a pair of ver- 
tical spindles with cutters, with a pair of feed rollers. 
These spindles and feeU rollers had a rotary motion 
given them, and were so arranged a/, to be easily moved 
out of the way when the edgt^s of the' timber, being 
worVed, were not iscpxVxed to he operated on. 

Messrs. Western ''a\d Co., London, have hvtterVy 
made several improvements relating to planing nvcv- 
chinery, foi one of wliicli they tork out a patent in 
1878. This invention related to a}>}‘ara^us for planing 
wood true on the ^ace, and at the same time tonguing 
and grooving its edges, more particularly applicable in 
the preparation of parquet Hooring. The table of the 
machine consists of an endless chain of plate links, 
caused to travel between twv) guides, a lul provided with 
edged ‘dogs* for holding the pieces (d" wo^d, which 
are passed between revolving edgo-(nitters for grom'ing 
and tonguing, and under a planing disc, mounted on 51 
vertical spindle, not over, but at tin* .side of the wood. 
The wood, after l>eiug operated on, is released from the 
front ‘dog' by the bend of the ehain over the chain 
wheel, and from the back ‘ dog’ by the withdrawal of 
the latter when it reaches a fixed stop. In the same 
year M*. Bernard tJlark, of Birmingham, Vook out a 
patent for some improvements in .xjuarii^g-lip and 
surfacing machines. These irnprovennuits consist ehi^Hv 
of a series of snail rotating discs or holders, which 
carry cutters for removing sujmrfltious wood, and 
brushes or toothed cutters for producing a'smooth sui’- 
face on the wood operated upon, and are combined 
i\ith a ^‘ircular fnime to which rotary motion is given. 
By the rotaticm of the frame and the discs or holdei's 
the tools ar#* made to des-Tihe a series of nearly circular 
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curves, whic^ motion, oonibined with the rectilinear 
motion of the wood under tb^j^cijJtters or tools, is cal- 
culated to produce a truth and sjnoothness of surface 
unattainable bjr \he ordinary surfacing machines. 
Modifications (5^n be a^taclied to a frame having either 
a rectilinear travel-^* motion or lU vibratory or cscillat- 
ing motion about a centre. 'llhe tools and wood to be 
operated upon may work in liorizontal, vertical, or 
inclined planes. 

In the recent International Exhibition at Paris 
several machines for planing and moulding were ex- 
hibited, some of which contained features of interest. 
A patent combined hand and power feed surface plan- 
ing machine, exhibited by J. A. Fay and Co., of Cin- 
cinnati, U.S.A., i^s a valuable tool and well worthy of 
notice. * 

Fig. 11 represents a combined hand and roller-feed 
sin lace planing and thicknt*ssing macliine by *J. Sagar 
and Co., Limited. 

it practically combines two machines in one and is 
( Specially adapted fur i*stablishiucnts where the business 
or space is limited. It can be adapted to adaige range 
of work without change of cutters, viz: — Making»glue 
joints, suTfacing straii^it or taper work, llevelling, 
(•-ham feting, corniM’ing, rebating, si^uariixg up, tliiekness- 
iilg panels, and boards, &c., and by the addition of 
suit^able cutters it can l>e used for sticking bea'Qs,^sa8h 
stidf, and nfoulditigs, ton^uing, grooving, &c. 

• The maifi frame is a cored casting made in one piece 
1(^ al^sorb the vibrali(Mi of working. The ciitter-lflock 
spindfe is forged from higli carbon steel and tei’olves jn 
ii(‘avy j)bosplior bion/t* self-oiling bearings. The cutter 
block i.s ariang(*(i to give a slnMriug cut, with straight^ 
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cutters and has solid lips wliich act as back-irous and 
prevent tearing of”th^ siyf^ace. The cutter^-block spindle 
is ground after being turned. 

The gearing for driving the feed r/jllel's is machine cut 
from the solid and is arranged on/)ne sid^of the machine 
so as t« be out of the of the opeVcjtor. The top tables 
are adjustable on diagohi* slides a Ad are fitted with steel 
lips. The bottom table has anti-friction Vollers, placed 
immediately under the gear-driven feed rollers. 

Messrs. S. Worssam and Co., of London, exhibited a 
trying-up machine, in whicli the pressure rollers for 
holding the wood down on the travelling table, which 
are usually placed before and behind the cutter-block 
slide, are here both brought in front, thus securing a 
greater and more vniform pressure at the point where 
the cutter strikes the wood, which is an hnprovement. 
The cutter-block spindle nin in centres, but this plan 
can harcfly be commended for the heavier class of ma- 
chines. The travelling table is fitted with double rack 
gear, thus securing always an adequate bearing for the 
teeth of the driving pinion. A compact little thin- 
stuff’ 8urfa«e-planing machine was shown by Messrs. 
Robmson and Son, of Rochdale; it was adapted to 
plane w€od J inch thick at GO'feet run per ifiinute, but 
the rat<^ of for^d could be varied according ^lo the 
nature of the wood. The wood is fed by means of Six 
plaip ibllers driven by toothed gearing, which force it 
over a fixed iron fitted into a movable drawer. 

The roller- feed planing machine exhibited by 
Melsrs. Gibson and Son, of Jonsered, in Swede^, al- 
though ciot possessing any great novelty in its general 
design and constrnclioii, attracted some attention. It 
"appeared to l>e built more or less after American models. 
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The feed conysted of geared fluted rollers, adjusted by 
spiral springs and a distrib^t^^g^ lever. The wood is 
first attacked by a revolving under-cutter, and ©then 
passes over a Pxed Rnife fitted,in a drawer and between 
two vertical si^e-cuttors, and finally beneath the top 
cutter. Thi*^ arranigement of ,tUe Gutters is somewhat 
Df an improvement, as a good* bed is furnished for the 
bottom of the wood, and the edges are well^ dressed up 
before the final finish is put on the surface by the top 
cutter. The? utter blocks are made movable, and an 
additional cutter block is fitted for matching. The 
cutters are made in sections and fitted in mortise slots. 
The framing and general construction of the machine 
is very light as compared with English models. 

In the Norfy3 section Messrs. •Jensen and Dahl 
showed a* planing machine with spindle pulleys of extra 
large diameter, but with what object we are at a loss 
to see, as the friction to belts, &c., would thus be 
much increased. In the French section F. Arbey, of 
Paris, exhibited a trying-up machine, fitted with Mares- 
chal and Godeaii’s patent spiral or twisted cutters. The 
advantage claimed for this form of knife is, that the |)itch 
of the knives is so arranqjed that the end of one comes 
opposite to the beginning of the otlmr, thus giving a 
continuous cut during the whole revolution of tlfe cutter 
block. As part only of the whole length of the Jcnives 
strikes the wood at the* s»ine time, the vibratiofi is 
considerably lessened ; ajid as they always present the 
sSme cutting aj^gle to the wood, cross-grained ^jnd 
knotty^stuff can be worked. The kniws used are very 
light, being from one to two millimetres in thickness*; 
they are, however, somewhat more difticult to manage 
than the straight kuiv^ ; but an arrangement is fitted 
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to this machine where, by means of a reyolving emery 
wheel, they can be !shjirpened in their places on the 
blocl^. The machine was titted with a chain feed — a 
method which seems to be somewhat in favonr for 
many kinds of machines in Fra/ice — a^i the wood was 
securt^l on the tralellkig table by"l/mgitiidinal ‘ dogs.’ 

A panel planing machine, with plain roller feed, to 
work 80 centimetres wide, was shown by Messrs. 
Gerard, of Paris. Instead of using two long planing 
irons, €^teudiug the whole width, eight short ones were 
arranged in succession, two on each sidii of the cutter 
block ; this plan, although causing a little more trouble 
in adjusting, simplifies very much the operation of 
sharpening, as considerable difficulty is often expe- 
rienced in keeping irons of very grea^ width in satisfac- 
tory condition. Amongst recent improvements in 
planing maohinerv may be mentioned also those 
patented in I87H by Mr. Richard Shill, of London. 
These improvements are niore especially adapted for 
those machines arranged for planing blind laths and 
similar light work on all four sides at once, and the 
novelty consists in so arranging a series of fixed or 
hand plane cutters that the cutting action of the 
machin^ is not dependent on a high rate of S])eed, as 
is the' case witli revolving or rotary cutter^, Ihus en- 
abling the machine to be driven either by hand power 
or steam, as de^red. The^ciltter for planing the under 
surface of the^ wood is fixed in an adjustable drawer, 
fitted in the table of the machine in the u&’ual mannef ; 
the top putter, used for planing the upper surface of 
the wo6d, instead of revolving, as in most machines, is 
also stationary, and is fixed in a block or frame arranged 
in such a manner that it is capable of adiustimz itself 
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w^hilst in op(ji*ation to the varying thicknesses of wood 
being planed. One of the used for planing the 

edges of the wood is fixed in the^guide or fence, ^whilst 
the other is made’ automatically adjustable to varying 
Avidfchs of woo^d by means of, a spring. The wood is 
fed by means of pressure rollers irp the usual manner, 
and the weight of the frame jy block carrying the top 
cutter is also utilised in keeping the wood in contact 
with the bottom cutter whilst planing the under sur- 
face. If th8 machine is actuated by hand pawer, the 
inventor proposes to give the necessary rotary motion 
to the feed rollers by means of a handle or a fly wheel 
and belt. For the lightest class of work, especially 
where steam is not availalde, this machine should 
possess several features of utility. • An illustration of 
it will be fuvnd (tig. 12). 

Having thus briefly sketched the history of the in- 
dention and introduction of planing and moulding 
machinery in this countr;^, we shall now proceed to 
discuss the chief features of this class of machines as 
at present in use. Although a larger number of ma- 
chines are made, and specially arranged or modified to 
suit varying circuiiistances or descriptions of woi*k, the 
principles involved in tTie cutting operation df planing 
and moulding machines are but three, and may be 
classed as follows : — First, and most important, those 
machines having their c*uy;ers fixed ia revolving flocks 
or spindles ; second,^ those inachiues having their 
cutters fix8d a rotating cross-head or disc (known 
as Bfamah’s principle) ; third, those^ macLiues Imving 
fixed irons only, and when? the wood is forced aver 
their cutting edge. 

The principle of fixing cutters to revolving blocSs 
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or spindles is the one in most general n^ie, and is, on 
the whole, the most| {i^yi^^dagoous for all ordinary 
classes of work, and vyill turn out a much larger quan- 
tity than any other system. In desnginiig, in the first 
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place <*in'e .''Kniiltl fn* tuk' U « > secure .•>ulUcieh( strefigth 
and stubilit V ill the m.iiii training of the inachlno to 
ov#?rc(»ine t^c strain nnd vibration caused by the high 
rate of speeds it i> necessary to,!uu at.* For ,all the 
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snialler-sized machines ift least, the framing should be 
on the ‘ box ^ principle, and in the largest sizes 

the framing should be in as few pieces as possible. 
To obtain corhpaJjtness, however, the working parts 
should never ^e crowded together, as it often neces- 
sitates running intermediate driWng belts a# short 
centres, and other ev^ils. 

One of ilie most important elements nec(issary to 
secure the successtail working of these, as well as* other 
wood- working machines, is to obtain a reliable arrange- 
ment for feeding the timber thi’ough the machine, as, no 
matter how well designed or accurately made a machine 
may bo, unless the timber passes through the machine 
steadily and without slip, and at a speed that is best 
suited to the class of wood beings operated on, the 
quality and quantity of the work turned out are un- 
satisfactory. Chain and other methods of feeding were 
at one time in use, but the two arrangements now 
almost universally used are the roller and rack feeds. 
The latter, however, is confined to those classes of 
planing machines known as ‘ trying-up ’ and ‘squaring- 
up’ machines. Whether the rollers emploj^'d are plain 
on the surhice or fluted, the grip on the wood anQ the 
feed is im^n'oved by dri\fing the whole of ihent. Some 
makers drive only the upper series of rollers, leaving 
tHh lower to be made to revolve by the pressure of the 
wood being planed. In ^all large-Lized planing or 
moulding iiiachines the table of the nuvehino should be 
n fixture, and the upper cutter-block arranged to nse 
and fg,ll to suit varying thicknesses of 'j^ood. 

We have seen a plan of placing all the euttw blocks 
on one side of the machine overhanging their bearings, 
and arranging the table to rise and fall. This may 
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answer very well for small miichiaes, wheije the strain 
is not great, but for Wrge .machines, owing to the heavy 
and unequal strain oii^ the spindle bearings nearest the 
cutter blocks, it cannot be recomme/nd^d, as when the 
bearings wear, the vibration and.the cory^equent jar on 
the wO(M being pl)^uft?d are excessive, leaving its results 
in a series of undulatlolis. The cutter-block spindles 
should be of 8t<?el, and not unduly heavy. *A good plan 
to pursue is^o forge the spindles and blocks revolving 
horizontally in one piece, and make the blocks on the 
side-cutter spindlej^ movable. The cost of a rough steel 
for use in spindles is very little in excess of that of 
iron, and has the advantages of presenting a better sur- 
face to the bearings, and the spindles can be made of 
less weight. 

In some machines of recent construotiqn a duplicate 
set of top cutter-blocks and cutters have been intro- 
duced, with the object of allowing the first set of top 
cutters, under which the wood passes, to do the rough 
heavy work, and pass on to a second set of cutters, 
which are made to revolve at a much higher speed for 
the purpose* of producing a fine surface or finish on the 
board. 

The ‘cutter-block spindle T^earings shohld be of 
phosphor bronze*, and made extra stout and ‘lohg, and 
the oil ways should extend nearly the whole length 
of tj?.e bearings, *and a con^jtafit supply of oil kept, up. 
It is of the ptmost importance that the^e spindles 
should be fitted to their bearings with fche greatest 
accuracy, ds the, friction and vibration caused by the 
high ra1\) of speed at which it is necessary they shonld 
run is excessive, sometimes engendering enough heat 
to cause me lubricating oil to take fire. When possible, 
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these beai^iigs should have guards or shields to protect 
them^from dust and grit, large-sized cutter blocks 
should have bettings at their (^ther end, as it found 
that when operating on ^eavy work the cutter-block 
spindles aie^.apt to* spring if they are supported by a 
single bearing 0.17. Special^cai*^ should alsC be taken 
in designing these machines, with the arrangement for 
holding down the wood^being planed or moulded, as 
should it bo alloVed to vibrate even in a slight degree, 
the finish^ work is unsatisfactory. * 

The cutter blocks with their irons on either face 
should be made to accurately balance each other, or a 
waviness or irregularity in the finished work is the re- 
sult. It is found a good plan to place the j)ressure 
apparatus for bolding down the w<fod as near as possible 
to the cutter blocks, as it is thus ei^iabled to make its 
controlling action felt to greater advant,age than if 
placed a little distance from the point where the force 
is in operation which caijses the vibration or ‘ spring ’ 
it is designed to counteract. 

The cutter block operating on the under surface of 
the wood should be placed in advance* of the block 
operating on the upj)er surface, as a smooth face is 
thus secured for the wood to tra.vel on whilst passing 
^beneatli the upper or most impoi^ant cutters. The 
countershafts should be placed at one ei^d of the 
machine, to j^ive a cteiw space to\he worknum. The 
cutting edge of planing and mouldiiig irons ^should be 
speeded to travel about 6,000 feet per minute. 

\Of recent years great strides have been .made in the 
larger planing machines and a series of some ^ix or eight 
have^ been introduced by Messrs. Thomas Robinson and 
Son, Limited. A roprosentative machine of this series is 
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termed Type MS (fig. 13). It is an eight-roller planing 
machine designed partiavlsff'J.y for large planing mills 
where exoellence of finij^h — such as can pnly be attained 
by the use of fixed knivas — is desirable.* 

The bed consists of a Jceding-in tahlej(fitted with a 
flexible side pressurp. Alter the feeding-in rolls and 
immediately before tlie boitom cutterhead, the bed is 
carried on an inclined slide for adjusting the thickness of 
cut, amlds controlled from the feoding-in end by a hand- 
wheel and S(n*ew ; the latter also cfiusing the i\ottoni feed 
rolls to rise and fall oimultaneously. The depth of cut 
taken l)y the bottom head can be altered from >!ero to 
J inch witlvout stopping the feed. 

The cutter spindles are all driven from the feoding- 
out end of tlic machine. The driving Ixdts are wide, and 
i'un over heavy flanged pulleys, grooved Xo prevent 
slipping on heavy cuts (u* at fast feeds. Tlie hearings 
are of bronze, self-oiling, and enclosed to prevent leakage 
and to exclude dust. 

♦ The bottom cutterhead can bo adjusted vertically at 
either end. It can 1)6 (piickly drawn out of the machine 
for sharpening and setting the cutters: it is not necessary 
to remove the driving belt, thus saving considerable time. 

The siilo s[)indles revolve in long taper seif-oiling 
bearings carried in rigid frames, su})port('d on a niassive 
cross slide, and are a<ljuste<l across the width of the 
machinp by independent screws.' The weight of the 
spindles is taken ^on h(‘avy bronze foolsli'ps, snhinorgcd 
in oil. 

Th^ top ciitb^rhoad frame is firmly held at either (\jid 
by locking »^evcrs, and r)‘st.s on planed slides, the bearings 
l)eing connected by a massive cros.s-tie, carried Ixdow the 
.bed, making the cutterblock exceptiuiially accessible. 
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The frame raised and Ibwer^ ])y two screws, actuated 
from the side of the machine^ Aie , weight being taken on 
ball- thrust bearir^s. The cut ter* spindle bearings are 
conical ring-oiiing. each bearing being fitted with micro- 
meter adjust; kfut to tg,ke up*auy end movement. 

The fixed ki^ife - planing ^ anparatus is arranged 
immediately after tlfe bottom ctftterhead, and consists of 
four independent knife boxes, which slide in a mas.sive 
frame. The act Sf withdrawing any one 'of the knife 
boxes automatically pulls a planed filling-in j^ecc into 
the position previously occupied by»the knife box. 'To 
enable this to be done, each knife box has an ind(‘pendent 
series of pressure rollers fitted above it, a separate lever 
being used to operate each one. Any one of the knife 
boxes may therefore be withdrawn {]yid replaced by a box 
with sharp knife witliout stopping the feed. There are 
also fixed knives for planing the sides *of the timlxn' after 
it i)asses the top cutt('rhead, one of which is iTiouiitcd on 
a slide, and is quickly adjustable. 

A rotary shavings break'er or chopper can be mounted 
oil a slide carried in the main frames of the macliine, the 
rotary cho[)]^er spindle being mounted in gnclosetl ring- 
oiling hearings. A suitable steel hopper is arranged to 
catcih tlm long shavings^lTom the fixed knives, and defiect 
theiuoiii,to the chopper, whence they c^jn he conveniently 
^fipod to the pneumatic collector system if desired. 
To gain access to tlu^ sh^^vings choppeji', the hop[)er sides 
are raised# by moving a l^ver, and the entire cflbpper 
drawn ouUon its slide fo tlie front of the machine. 

The pressiTres throughout the machine ♦ire detigiied 
to rftduce the time taken in .setting ^lp, anfi be qplf- 
adj listing as far as possible ; and to hold timber that is 
twisted ami which varies in thickness, firmly down to the 
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bed before each cutterh^ad. Over the botitom head a 
double roller pressure is al^ranged on either side of the 
opening in the bed. The outer side head has a sectional 
steel face chip -breaker, which swings cleat of the knives 
to allow of varying cuts. Large diameter roller pressures 
arc provided for each side cutter head, to hold the timber 
down to the bed whiist it is being matched. These 
})ressures ha\ e independent flexible adjustment, and are 
raised and lowered by a hamlwheel a*, tlic side of tbe 
machine, .to suit different tlucknesses of tiiube . A heavy 
clii^-breaker or radiel pressure is attached to the frame 
carrying the top cutterhead beaiings. This has adjust- 
able sectional steel slices, and is arranged to swing away 
from the knives as the deptii of <jut increases. An 
.adjustment to suit different projections of the cutters is 
fitted. The pressure after this head is adjustable to or 
from the knives, a^s well as vertically, and, being attached 
to the top head, is raised and lowered with it. 

The feed gear consists of eight feed rolls, four above 
and four below the timber, the upper set being carried 
ill swings, and weighted from below. The first pair of 
bottom feed rolls are carried in bearings supported on 
adjusUlih^ wedge.s, which move simultaneously with the 
table in finnt of the bottom cutterblock for vai .iiig the 
t!iickiie.';s 'of the, cut. The feed rolls are dr'vtu by 
macliiiie-f;ut gearing, the first motion pinions i>eing of 
steel. The lift of each set of robs is independent. 

Tf^e patent feed gear consists «)f expanding (iones and 
a heavy V i>elt running indwemi 'them, and ah bough out 
of th <5 ojju’.itoi’s way at tbe end of tbe machine, is in 
full view^irffl acce-<ible. The rates of feed are instantly 
changed, when desired, whilst the inaehim' is running. 

• Fig. 14 repre.sents .a high-speed hnir-cutter flailing 
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and moulding machine By J(Jm M'Dowall and Sons. 
The mai^ frame is of solid coiif/yiltion and cast in one 
piece to secure free||om from vibra^^on. The feed consists 
of four rollers Bf large diam(^lor, all of which are driven 
by maohine-eu^ gearing, and by* means of the maker's 
patent gear ])ox skCoen rates of may be ol>tained. 
It is claimed for thLs arrangement that the feed-belt 
speed is constant and all tli^ feeds are positive and that 
it is superior lo the various forms of friction* feeds tn use. 
The rates oP feed may be varied at will from feet to* 
1 00 feet p(^r minute. The top cutter 4)lock is ananged^tu 
cant for cutting deep mouldings and the bottom cutter 
block is mounted in a drawing-out box which permits of 
the easy adjustment of cutters, and tlie amount of cut 
can be regulated^whilst the machine *is in motion. The 
pressure apparatus is l)y levers and weiglits which are 
readily adjustable, and all bearings are of the self- 
lubrieating type. 

Fig. 15 represents a four-cutter planing and moulding 
machine by W. B. Haigh,*Gruban and Co., Limited. 
This machine is recommended for hravy as well as for 
liglit work. It is designed for exceptionally h^avy feed 
gear, and has the following features: — 

The Bbttom cutterhd?id is [>la(?ed in front, tlfus giving 
a dealt »irface to the bottom face of t^ie timl^ -before 
}?assing the other cutterheads. 

^It is placed m a movable draw^-out# box, whifth ^ives 
instant acoess t(f the cutters. 

The machine has tKrec sets of fectf rollers, the top 
roller’s being driven by powerful iuachine-c*it geaf and 
chain* 

The timber is fed through both horizontal cutterheads 
automalically. 
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Tho tal)lo is supporto^' at euch of tlu? fo’ir corners by 
a strong' slide. i 

Tlie niiuduiie has throe rates of f'ed up to 35 feet 
per niiiHite. 
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The heaiin.i^s are of ]>hosph»>i )»ronze throu;:hout. 

Tlie li(ni/oiit;|l hejiriiiirs a\e <n' the srlf-lula-iealin;;^ 
ringTyi)e. 

The iiiaehiife is built to wo(k tijn]»er fiv’n iiielu'* 
by 0 imdic:f in dillerent sizes np to 30 iiif lies t>y 0 inches. 

^The side s[)indled can be amuiije'd to work with patinit 
solid steel eKpaiidiii!' cutlerheads or *Sliimer cutterheads. 


CHAPTER Xfl 


IRREGULAR MOULDING AND SHAPING MACHINES.* 

Machines for moulding and shaping circular or ir- 
regi-ihir forms in wood are of comparatively recent 
introduction ; they, however, effect great economy, as 
compared with hand labour, in the production of ir- 
regular ornamental work, as used in church architecture, 
&c. They aa*e specially well adapted for working in 
hard woods, and will produce a large amount of woi k 
sufficiently perfect to require little or no finisaing by 
band. They can also be used to advantage for moulding 
ships' timbers, straight or circular comice mouldings, 
table and sid«’-boar<l tops, chair and sofa frames, (fee. ; 
and when not in use for irregular xvork, tljey can be 
used for straight, such as sticking architrave' mouldings, 
sash bar8,^itop-chamferiii^, grooving, rebating, tliick- 
nessing",,<fep. fu fact, from the range and varief'vi its 
work, it must he considered a most valuable nia«*hin(‘. 
A patent for shaping irregular forms was taken ^)ut in 
1820* by one Boyd, but th5 method of moulding* or 
shaping irre^ilar forms fn wood by means of a cutter 
block Jtixed on spindle revolving vertically was in- 
vented tind patented by Mr. Andrew Gear, of Ja'^npsville, 
t^hio, U.S.A., in the year 18511. The machine he then 
constructed is similar in every respect to those now in 
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use. In the first maihines, made two^steel spindles 
were employed, to revolve in opposite direc- 

tions; these were fitted in bearings lined \(ifcli anti- 
friction metal and protruded through the top of a 
wooden table. The t/jp'of the spindles were screwed, 
and the cutters, .of ;which there^were two to each 
spindle, were kept in ^heir place'^ by collars and nuts. 
Both flat and curved cutters were employed ; the shoul- 
ders the* cutter spindles and th$ under side of the 
collars. were bevel-grooved, and the edge«f the cutters 
made to correspo«d. They were thus held firmly in their 
places, A fence for sticking stiaight mouldings and a 
caiTiago fitted with chucks for ‘ pine-apple work ^ were 
added. For producing ‘pine-apjde work’ the wood 
was made to revolve by turning the chucks first in one 
direction and then in another, and any degree of ex- 
panding pitch or twist on a screw-shaped table leg or 
other ofnament was obtained by leaving the cluujks 
free to revolve, and prolonging the extremity of one or 
both, the extremity being ?jquarod and twisted into the 
required shape and allowed to play endwise through an 
eye in the fixed standard. The inventor, it seems, made 
thesliscovery by accident, the first machine being con- 
structed for one kind of wofk, and tlu* extent of its 
raugt; and easy, lulaptability to cut irregular, a^d intri- 
cate mouldings was for some time undiscovered. Unrtke 
many bthers, live inventor ijv said to have imule large 
sums of money by the sale of his patents. . 

Storerand Hick nell, of Boston, II. 8. A,, j«fttented soiwe 
additional’ imjirovements in 185fi. 'These consish'd 
chiefly«f)f an iinproved method of fastening theVutters 
and a self-acting method of sotting the cutkT spindles 
‘ to angh‘ for forming nndorcut mouldings. Thi^ was jK?r- 
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formed by ine^s of cone |)ulleTB and worm and rack 
gearing worldng in a slotted 

Messrs. Greenwood and Batley^ of Leeds, exhibited 
at the Intematioiial Exhibition of 1862 a Kinder’s 
patent shaping jnachiije, whfc|/ did not diflTer very 
essentially from thoae^at present Jn tise. It contained 
two vertical iqiindles, revolving 111 opposite directions. 
The cutter-heads or blocks ^were capable of separate 
vertical adjustment,* and could be fitted with a vafiety 
of cutters, to^suit the work being operated on,* The 
frame of the table was fitted on trunnions, and made 
to cant either way. The top of the table was made to 
traved longitudinally, and was fitted with transverse 
grooves, which were used for fixing work. Since this 
date various modifications and improvements in these 
machines havcjaeen introduced by Messrs. Robinson and 
Smith, of Rochdale, Wilson, of London, and others. 

Fig. 16 shows a vertical spindle moulding and 
shaping machine by J. Sagar and Go., Limited. 

The frame of the machine is a cored casting made 
in one piece, and is fitted with a table with planed 
grooves across it to enable the fences &c.,«to be set 
square witlnuit loss of time. The slide carrying the 
spindle hd!fe planed ways* the full length, and; is ad- 
justable^wrtically by hand wheel ancL screw. ^ -The 
l)e£fring8 are of phosphor bronze, of extra length, turned 
on the outside and fitted into bored •seatings.* 'Jhc 
cutter spin die and pulley are made from one steel 
fwging to secfire a true running balance. A loose head 
is fittej to the spindle, which is adapted to ca^ry eitfier 
a squall cutter block, grooved collars, or*8olid i^viersible 
cutters. 

The douutershaft is arranged so that the cutter * 

IS 
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spindle can be reaun^ luvrrsed' and ^iin in eitbef 
direction. , ' 

The method of driving and reveijsing singfe vertical 
shaping machines by means of frictional discs is, )iow- 
ever, not new, but its ';;n(5de of ^application may be. In 
some i^.merican ma<jhives the friction pulleys for driving . 
and reversing are lifted to the countershaft. One 
friction pulley is fixed on^ a vertical shaYt on which is 
the driving pulley, from which, horizontally, the driving 
strap passes through the back of the column of the 
machine, the pull of the strap thus coming against the 
whole body of the machine instead of against the 
vertical spindle and bearings only, as would be the case 
if the countershaft was put in the front of the machine. 
The friction pulleys for reversing, which are placed on 
the horizontal shaft, are brought into contact with the 
friction pulley on the vortical shaft by means of a 
treadle.* 

The tables of many of tin* American machines are 
made of cherry and black* walnut woo<l glued together 
in strips and fastened with cross straps. 

In the panelling and recessing machines, where the 
cutter spindle works from above, motion is usually 
given tf) it by friotion pulleys •placed inside tfie column, 
and table broughl up to the cutter by a/»t/en die or 
hand wheel and screw. 

^In* this coiwitry .strai‘d)t rutters are usually^ em- 
ployed in irregular moulaing and shaping nnichines, 
but on the (■ontinent and in America cnr\\‘d or circular 
cufters timed from the solid are mucfi used. 

ShAp'ng machines are usually construcd.ed with one 
or more vertical spindles. Two spindlei revolving in 
opposite directious is perhaps the most general and 
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aseful form, ai by this phmi one cutter spindle can out 
with the ^raiu of the wood ivi in one direction, 

and the other s[)in(Vle can oj^erate pn the wood with the 
grain running in the other directi<m without stopping 
or reversing the machiig?. 

The spindle, with suitable cuti;er& attached, pwyects 
above the surface of an accuraUdy planed table, and 
the cutting edges of the irons should be speeded to 
travel some o,000 feet per minute. The wood tb be 
shaped is fij^ed upon a wooden template, which is 
pressed by the operator against a coUar on the cutter 
spindle ; the cutters thus form in the wood the exact 
form of the template. In single-spindle machines, 
where the grain of the wood used is twisted and irre- 
gular, it is necessary to reverse the nv)tion of the cutter 
spindle, so that in curved patterns the^ cutters may be 
enabled to work with the grain of the wood, or the 
worked turned out is rough and unsatisfactoiv. The 
cutter spindle should be of steel, revolving in extra 
long bearings of phosphor bronze, and capable of being 
raised and lowered to suit different classes of work by 
a lever and hand wheel or other suitable m<?an8. The 
top of th(^ cutter spindle or head should be m*ade 
movable, *0 as to allow* of heads with other, emitters 
fixed ready for work being put into operation ^7ithout 
elay. 

l^or straight work, silcl| as sash bars, tVc., a ^en- 
acting feed motion can be^ fitted ; and for sticking imder- 
ctit mouldings the table or spindle can be arranged to 
cant. •We have recently seen an improved self-adjusting 
guard, fitted to this class of machines, to prevent 
accidents from the cutters. These guards cover the 
cutters entirely, but are ra.is(Hl sufliciently above the 
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table to allow the wood beiiij operated cyn to pass under 
them ; they are fixed^ An turned upright pins, on which 
they can be made to rise or fall, tp suit varying thick- 
nesses of wood. These pins are fixed hito turned rings, 
let in flush with the ^able, and. as the template comes 
in ccK-iiact with them^ they move 'avd allow it to pass. 

Various combinations of these machines are made, 
with overhanging cutter {Spindles, for recessing, mould- 
ing'^urposes, &c., but our space precludes more than 
a passing notice. The power recpiirdil to drive is 
small. 
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BAND AND FEET SAW MACHINES. 

The hand-saw machine, although very generally bfe- 
lieved to be of French origin, was really the invention 
of an Englishman. In the year 1808 a patent was 
taken out in this country by one William Newberry for 
a machine for sawing wood, in which an endless band 
or ribbon saw, strung over two wheels, was used. The 
inventor also claimed the use of it fot splitting skins, 
&c. ; in this case a plain steel or iron band, sVarpened, 
but without teeth, wfis probably used. This invention, 
although very complete and original, lay dormant for 
many y(?ars, probably through the difficulty of obtain- 
ing blades of sufficient toughness to withstand the 
struin put on them, and the difficulty then fouHd of 
re-joinin5 the saws broken As will he seen from 

our ii>i«tratioiis (figs. 17, 1<^, lil. and ^20), Ne\^nry’s 
ifiacliine possessed all the elements of practical utility, 
and although, from tin; inferior quality of the saws 
then obtainable, it failed to realise the inventor’% an- 
4;icipations,»ln.» is nevertheless entitled the honour of 
being the origiiSator of one of the most valuable all 
wood-working machines. 

Tl. seems a band-saw machine was patented in 
Prance ‘by M. Touroiule in the year 1815. and agai» 
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in 1845 by M. Thouard ; bu^, owing to ^ the constant 
bi-eakages of the saAv„s, tljey were only used on a very 
limited scale. 

There is no reconl of many maeh'ines being con- 
structed on Newberry's^^phin till ^1855, wlum M. Perin, 
of Parw, exhibited at t,lie French * Luternational Plxhi- 
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bition a much iniprove<l machine, «»n which lie employed 
saws of Fj*ent'h pianufacture. From the nuule of tem- 
pering ihese saws, they w»‘re enabled to stand the 
tension and strain neeessarilv pul on them, an,d to run 
for a considerahlr period without breakagt* ; thus the 



HAND AND FRET S/W MACHINES. 


\2l 


one great objftacle to tli^^ general use of these machines 
was removed, and after tliis.dah^ they came gradually 
into use. 

Followiiiijr M. P('rin’s re-introdiiction of tlie band 
saw, it was again pateiJiJ^rd in tnifcr country by M. Pariente, 
and once iikun? bytFxjill and in the year 18 oG; 

so on tlie* whole it must be neld to havci been well 
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[>atented, but tlu* invention of the prineiph' undoubtedly 
belongs to Newberry. 

^ The adoption was , hardly genera^ liowever, till 
within the fast^few years, as, from the introdueticpi of 
badl^*^ proportioned and badly construeteif, machines 
with inferior saw blades, a sti’ong prejudice, on*aecount 
of the loss arising fn)m bri*alxages, existtnl againaii. 
them; this, however,^ is now (uitirelv removed. Fol- 
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lowing the Paris International Exhibition of 1866, 
General Tulloch, late, of the Carriage Department of 
the Eoyal Arsenal, at Woolwich, pir’chased a number 
of machines from M, P^rin, and others of heavier 
construction were ordtred ; this example was soon 
followed by others. ^ These inachlni'^s, serving as Ex- 
amples to English engineers, led to heavier and more 
substantial designs being jnade, witli other modifica- 
tions and improvements, which rendered them more 
suitable to the heavy class of work carried on in this 
country. * 

Various patents for improvements of more or less 
value have been taken out. 

In ISofi .Samuel Worssam and John Grist obtained 
‘ provisional protection for improvnuents in cutting and 
shaping wood for felloes for wheels and sujh like curved 
surfaces. They employed two band saws, set at certain 
distances a])ai*t, and mounted the blanks from which the 
articles were to be formed on a revolving platform, to 
which motion was communicated by other suitable 
gearing. The band saws were carried over pulh‘ys, and 
worked in the same plane. 

In the year 1858 Mr. Henry Wilson, of London, 
took out a jjatent for ‘ improvements in the mounting 
of ba'^nd saws,’ which he describes as follows 

‘ My invention is intended to prevent the breaking 
or g^napping of Hand saws ^fr6m any sudden strain, or 
otherwise, whi]e at work, and from the liability to snap 
on the cooling of the saws after ceasing tb work ; alsb 
to allow ready adjustment of the bearings ef the 
pulleys ^ver which the saws are stretched. I connect 
^to the bearl.jg of the pulley over which the saw is 
stretched an jpright rod or spindle, threaded at top, 
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pass over i\e thread or# upper part one arm of a lever, 
and a^ust the spindle to tiie^lv-,ight required by a nut 
curved at bcttoifi to fit any chp-nge of position in the 
lever, and to^llow of the adjustment of the bearing of 
the pulley. 

‘ The lever is •centred np07% a pin supported upon a 
pillar. The opposite arm of the lever *is connected to 
a second vertical shaft, or.rod, the lower end of which 
is connected to vulcanised rubber or other* spring, 
is carried ?liown on the outside of the pillar, aitd is pro- 
vided with a screw adjustment, •or not, as deemed 
necessary. The bearing of the pulley before named 
being free to move up and down within certain limits, 
it follows that upon any strain upon or contraction of 
the saw, the spring will allow of ^he bearing yielding 
and thus px’event the snapping of the saw. ' 

‘ I do not limit myself to the precise arrangement of 
compound lever with screw adjustment and spring 
compensation, or either, just described, although 1 
believe it the best suited to the purpose of my inven- 
tion ; but r desir(3 also to secure the so connecting of 
the movable bearing of a stretching pulky over which 
the band saws are stretched to a spring or sprihgs, as 
will enable the saws to accommodate thenisejves to any 
sudd^if strain, and to contract withoi^t snappivT^^.’ 

Mr. A. Kinder, of Westminster, in 181)0 patented 
s<iveral improvements, •ccyisisting chiefl}" of a ney form 
of packing box, throjugh which the^saw rah, either 
horizon tafly or vertic*ally, and a variable feed arrange- 
ment for feeifing the wood, consisting either of a re- 
verse cone motion or a friction disc and pullt^\ 

fn our International Exhibition of 1802 several 
band sawing machines were exhibiit‘d, M. IVrin show- 
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ing one in operation which, from the dex^ority of its 
operator and from the largo amount of intricate and 
ornamental scroll-work it turned out, e-xcited consider- 
able attention. The pulleys carrying the saw were 
clothed with leatlier ainl Indiarubber, in lieu of the 
use of tension springs. i A break for stopping the 
machine suddenly was also attached. Another French 
tirm, Messrs. Varrall, Elwell, and Poulot, of Paris, ex- 
hibited a portable band sawing machine, with vertical 
engine and boiler combined. I'his machine'Vas fitted 
with a feed arrangement, consisting of two pairs of 
rollers on vertical spindles, between which the wood 
passes. Only one pair of rollers was driven ; these 
were fluted, adjustable according to thickness of cut. 
The other pair of rovers were plain, and were lieldhori- 
^ zontally against the wood by means of a weighted chain 
passing over a pulley. 

M. Zimmermann, of Chemnitz, exhibited at our 
Exhibition of 1862 a band-saw machine, with an 
arrangement for circular cutting by swivelling the 
work horizontally on the table round a pivot fixed in 
it. Amongst- the English manufacturers of band-saw 
machines perhaps the greatest novelty exhibited was a 
machine by Messrs. Greenwood and Batley, Leeds, es- 
pecially^ tX)nstrnct«id for cutting curvilinear shapes, as 
ribs for the frames of ships, and other heavy work of 
varying t)evel, straight or curved. The table w^^s 
stationary, audited in a horizontal position,* to carry 
the work securely, and the saw frame was hung on a 
swivel^ and ^ffould be set to any angle with the table. 
When shills’ timbers or ribs are being cut for the bows 
of the vessel, they require to be cut to forms of double 
curvature, to suit the bilge of the vessel, from the keel 
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upwards; alid, in oonjuftction with that, they must be 
adapted to the tapering sliApe^Oi the bow. The varia- 
tions of curvatifre are rnaikecj in degrees upon the 
timbers at intervals along the curved line to be cut out 
on one face,, the degrees ‘ex-pressing the successive 
angles of obliquity and the |tiwl3eing swivelled on a 
fulcrum, hiyring its centre at or near the surface, is set, 
by the aid of a graduated scale, successively to the 
necessary angles.* The laborious use of the adze was 
thus dispensed with. Instead of canting the fiaw tabid 
to obtain the necessary bevel in the* wood cut, the main 
standard of the machine was mounted on trunnions, 
so constructed that the surf*ace of the table was on a 
line with the centre of the trunnion. The main stan- 
dard was also .fitted with a, variable and self-acting 
radial motion. Thus when the n^iin standard was 
canted, the saw was permitted to oscillate freely, with- 
out changing its position with reference to the surface 
of the table. Arrangements were also made for fitting, 
if desired, a feed motion for carrying the wood through 
the saw. 'Fhis motion could bo driven from, and com- 
bined with, the radial motion, so as to piMuce in the 
wood any peculiar bevel required. Messrs, fowis, 
.hum^, and Co. «\\hibi1;ed a band-saw maclwne fitted 
wii:» \?flson’s patent spring arraiigeni^t for ]>n^ntiiig 
breakage to saws. The main frame of the ^machine 
wa^j a hollow casting, and.was the f.i'st example the 
introduction of the hollow-casting systevn in connection 
with wood-working machinery. Messrs. Worssam also 
exhibited a coinpa(.*t and useful machine, Tjut without 
any special feature of novelty. 

^ In J8()6 Mr. Henry Wilson, liondon, patented tlje 
combining in one inacdiinc a band saw and a jigger, or 
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fret saw. Upon the brackets tin which %he spindle 
of each wheel round \i,hich the band saw works, or 
upon the spindles themselves, he atkiohed an oscil- 
latiirg lever. One or both arms of each 'lever carried 
at their ends a quadrant 'or curvediplate, and the ii^per 
and lowe/ levers were^ connected to each other by a rod. 
The jigger saw was fastened in the ordinary manner 
between the quadrant of tlve upper and that of the 
lower lover, and as these levers were caused to oscillate 
the saw received an up-and-down motion, so as to Jict 
ou the wood or other material being sawn. The oscil- 
lating motion was imparted to the levers by means of 
a link carried from the lower lever to an arm of a 
wheel placed at the back of the machine, or in any 
bfher convenient position. 

Included in th^*s specification is a mo^bfied spring 
arrangement for allowing the saws to ex}>and or con- 
tract in working. This consisted in using a spring like 
a common carriage spring. This was supported on a 
bracket, carried up from the centre of the heacl of the 
main framing of the machine. One end of this spring 
was connected by a link to the side bracket carrying 
the upper saw whc(d, and the other end was connected 
to the upp.T end of an ordinary tension rod, wliich was 
adjustable by meilns of a hand wheel and screWat the 
ba^k of tbe machine. 

liK 1869 Mr. George Finiujgan, of Dublin, patented 
an improved fown of horizontal band sawing^ machine, 
whicli could, for a heavy class of work, he us(‘d in the ' 
plac4' of the ra<*k circular-saw bench or large timber 
frame. Me claimed as novel, in connection with sawing 
machiiies, a metliod for converting a rotary motion int^ 
a reciprocating motion, or vice vemi and an ariitiige- 
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uient for reljpving the sjdes and backs of saw frames 
^ from undue friction. T^ie m%chin^ consisted of an end- 
less band saw, struppf and revolving on two wrought- iron 
wheels of some 6 feet diameter, fixed at either side of a 
travelling table wliich supported ^the timber being oper- 
ated or. The ‘savg *vas arrangga V> cut horizontally,' 
instead of vertically,* as in rooSt band-saw machines. 
The travelling table was driven by rack-and-pinion gear, 
and the rate of feed could be altered to suit the timber 
being sawn.^ It is claimed for this machine that it will 
cut a board from a hard- wood birck log, 6 feet long 
by 2^3 inches wide, in 60 seconds, and from a pine log 
12 feet long by 14 inches wide, in 27 seconds. 
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(’HAPTER XIV. 

tiANI) AND FRKT SAW MA(5HINKS — rotiHnued, 

In 187JI a patent tor iinprovemeiits in band sawin;,' 
inaohinerv was taken out by Messrs. (*. R. Wostorn 
and J. Hsunilton. These improveineJits may briefly bo 
described as follows : — Tlu‘ pulleys carryin^^ tlie band 
saw are fixed upon a bar, wliicli is mounted at one 
end on a pivot in the axial liin^ of flie drivino pulley, 
and at the other Vnd is fitted to a box, in wliieli it is 
free to swivel and to slide loiiLritudinally. Both the 
{)ivot and the box are arranj^ed to slide on parallel bars, 
and are ea‘*h provided with ^ear by which they can be 
moved aloncf these. Aceordintj as the one or other is 
^o inove<l, the saw is inclined more or less, so as to 
mak*- a more or less ohlirpie cut. The bar carrying flie 
saw has two lu-ackets, fitt4Ml witii circular discs, having 
t;uide..h>fs for the saw blad«', >Nhich discs (‘an !>« turned 
so as ti* twist the saw blade more or less at each si«h‘ (d 
the timber. Ft will thu> be leetj that this machine, 
when used for hev4*l-cuttin<r, eombim‘S the advantafjf 
of an ordinary machine with an improve«i methoil ol 
cantincr th ■ t(*p saw pulley, instead of the table on 
which the* w. »od to b«* cut is phieed, thus seourln;^ a 
perfectly level s>»rfac«‘, 4>n whi<*h the wood can be moved 
With facility in any nNpnred direetio?n 
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Mr. Sanaoli, of Londcm, iu 1874 patented a band 
knife machine, specially adaptcM I* cutting cloth and 
other materials. Jle drives an eiuVoss steel band in the 
ordinary niair-yei* over three wheels ; but in the place of 
teeth the band shamjened tike a knife, and an ar- 
rangement fitted to*^thc Jiiachi|e fdr^this purpose. 

The chief^novelty consisted in the peculiar means 
adopted for giving the required tension to the band 
knife, and to allow for its expansion and contraction. 

The iuverftior makes the main frame of this machine 
to overhang considerably the table (>iT which the work 
to be operated on is placed ; this frame is lightly con- 
structed, and, although made of cast iron, will ‘ give ^ 
or spring when the band knife is in operation, thus 
lessernng the chsjuce of breakage t# saws’ or knives, 
which, in worl^ng these machines, is a^) item of great 
importance. By thus constructing the frame of the 
machine, considerabh? (‘xtra space is gained 'on the 
table for manipulating the cloth or other material 
being cut. 

A patent was taken out in 1876 by W. B. Haigb, 
of Oldham, for improvements in band-saw* machines, 
whereby he claimed that the power required to dme 
wns cousiJlcrably reduced! The plan ho pursu^^d was 
to place rme of the wheels carrying the ^aw on a^nd, 
at one end of a. double lever, there being at fhe othet 
end ji spiral spring, the Monble lever - working* 014 a 
fulcrum or shaft running ^iq bearings, ‘piqued in a slide 
lifted to guides, and having below the ordinary saw- 
tightening or regulating screw and nut; amfjbhus, by 
placing the pulley on the arm of a lever, the tension 
can be sojidjusted that much less pov/er is required to 
drive the saw. In the same year M. Langlois, of 

K 
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Paris, patented the plan of siounting baiid-saw wheels 
on pointed centres, .with an improved gi-ot)ved saw- 
wnide, inonnted on d(?nble points, to* keep the saw to its 
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work." In the saiin; year Mr. McDowall, of .lolinstono, 
patented a niultii.le band sawino machine. He claims 
the combinini' of two or inoitr endless bund saws in 
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one inacliiucl so* as to (^vperate on tlie same piece of 
timber, making tlio staiidar»\ of multiple band sawing 
machines adjnstnlib', and in minting the pulleys on ec- 
cenlric pins or studs, wliich ean Ik‘ adjusted for difiPerent 
ihicknosses of cut. ^ 

Our illnstratiow (fig. 21) n'j^resi nts a machine em- 
bodying several iinprovenients which have recently 
been patented by Mr. Knowling, of Newton Abbott, 
Devon. 

The chk^f points claimed as novel are: — In. so con- 
structing tlm machine ihat when tho saw is canted for 
cutting at an angle, the table of the machine shall 
travel ill a horizontal plane; nndue strain on the san 
is thus avoided, {iiid the tabh* carrying the wood is kept 
at a dead level. ^ In most of the ordinary band sawing 
machines, when it is required to cut at an angle, the 
table carrying the wood is itself canted, and consider- 
able difficulty is found in keeping heavy timber in 
position to he fed through the saw. Tlie main frame 
of this machine is titt(‘d :\t its base with trunnions, 
which wurk in 11n' foundation plate. A screw is so 
arranged underneath tlie table, tliat, by means of the 
hand wheel shown in the engraving, the frame of the 
machine? is canted, and the table moved at JLe same 
time. 'Another improvement consists in adjustiiig the 
tension of the saw by means of a pivoted arm or 
bracket, carrying the upper saw-wh^ol, which is acted 
oil by a screw luMlded ou a siming support placed on a 
•fixed rest. ^Tlio patentee claims that the invention can 
be carried out iti canting tlie saw by means of a screw, 
worm, or other mechanical confi-ivance, wording on, or 
in, or against a movable metal fninie carrying the 
pulleys actuating the hand saw; the said movab]l‘ 
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frame being journalled at its^ lower end, [on the same 
centre as the bottom ,8aw , pulley. The table is moved 
by the same motion actuating the moying frame, which 
for that purpose is connected with it. The tension ad- 
justment can be performed by constructing the brackets 
of met^l or other material, furnishing the brackets with 
a spring or sliding bed*, on one elid of which a screw 
works, the other end abutting against a pi Voted arm or 
bracket, carrying the upper saw pulley, so that the 
.turning, of the screw separates the pulleys and tightens 
the saw. In Western’s and other patents several of the 
points herein mentioned have before been carried out 
separately, but the combined movement of saw and 
table is novel, and must be mentioned as a decided 
e advance in this class of machines, and should be found 
of service to* cabinetmakers, chairmal<crs, and others 
requiring to cut much bevelled work. 

In the International Exhibition of 1878 held in 
Paris, a large number of band-saw machines were 
shown, most of them in bperation. Although this 
machine was chiefly developed by the French, they, of 
most other nations exhibiting, seem to have made less 
progfess in rendering it efficient and complete in its 
every detail. We will briefly notice such inaCiiines as 
possess any spqpial feature of improvement in' their 
design or airangement. 

Ip the English section perhaps the most original 
form of band saw was that exliibited by Messrs. Western 
and Co., of London, one of whose patents* in connec-* 
tion therewith we have just described! To allow for 
the exponsion and contraction of the saw l)Ia<les, a 
Wilson’s patent spring arrangement was added; this 
we have also spoken of before. Messrs. CbarlcS Fowis 
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and Co., of London, exliil^fce(^ in Ineir band-saw machine 
an improved method of cantift^ the tabic for bevel- 
sawing ; it consists of a modified* form of the ball-and- 
socket joint amingement. , 

Fb'. 22 t eprosenjs* a ‘ new century ’ band resawing 
macliiiic by W. B.^aigh, Grubjti and* Co^ Limited. 

This maeiiiue has been specially deaigiied for cutting 
planks, deals, and fattens uj) to the maximum c£^acity 
into thin bqprds. 

The main frame is in one single hfavy casting. 

The bearings are of a new patent combination roller, 
and ball thrust and recoil type, and are guaranteed to 
stand a strain of 100 per cent, over the working load 
without heating. 

The top sa^v• pulley with its slihft and bearings is 
mounted on ca heavy bracb^t, with sf bearing on each 
side of Uic pulley. 

It is adjustable in height by lever and rotchet to 
give the necessary tension the saw blade, and is fitted 
with cantifig arrangement and cross lining device. 

A very sensitive knife-edge straining device with 
compound weighted lever is fitted to compensat<i for 
the expulsion or contraction of the saw blade. 

'»')\e bottom saw pulley acts as a fly wheel. 

rh6*feed gear consists of two flutefi and two plain 
rollers driven by powopful machine-cut gearing. . 

An improved self centring device is fitted, to centre 
accurately tjpards from ^ inch to 3 inches^thick, by means 
of a foot lever. 

'riie feed motion is by means of friction gear, 
instantly variable whilst the machine is in motfon from 
practicaUy nil to over 120 feet in No. 1 machine, ami 
up to over 150 feet Ijnjal per minute in No. 2 machine. 
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The follovfing are givpn hy ,the makers as a few 
actual tests taken on the inachiiK^:-- 

Scots Fir — 


2,000 lineal feet of 16 inches hy I inch, 
split into ii to inch boa Ms. 

1,660 lineal feet of 7 iifclies by 2 infhf*i 
split into 2 to 1 inch boards. ■ 


Or 3,576 superficial feet 
- in one hour thirty-five 
mMuites. 


Messrs. 0. B. Rogers ainj Co., of Norwich, Goiiiiec- 
ticut, U.S.A., exhibited a band-saw machine cam-ying 
36-inch wheels ; the spindles are steel, and run iii«doublft 
bearings ; these are fixed on an adjustable column fitted 
into the main framing of the machine, and rest on a 
thick indiarnbber roller or washer, which gives to the 
saw when in work considerable elasticity, and allows for 
its expansion a^^ contraction. Tl^ table is made of 
wood, glued together in strips, to prevent warping. A 
small rotating disc of steel receives the back thrust of 
the saw. 

Messrs. Perin, Panhard, and Co., of Paris, to whom 
the development of the band saw is largely due, exhibited 
a number of machines, but they did not i>osscss any 
special features of novelty; several of tlie^ii are fitted 
with chain and other motions for feeding the wood for 
straight sawing. Another machine, running at a slow 
speed, and carrying a saw blade with, fine teeth*tem- 
perod as hard as possible, is used for cutting cold iron 


and steel. 

Recenti;|^ patented anil fitted to a bayd-saw machine 
exhibited by M. Qnetel-Treraois, of Paris, is an im- 
proved saw gniefe. It is constructed of gim*iuetal, and 
consists of three small square oil boxes, one piaced on 
eitlier ^de of the sa>v and one at the back. The side 
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of each of these boxes nearest the saw is made movable 
and adjustable to the gau^^e of saw by set screws j these 
luovable plates are made of steel oi other metal, and 
a number of small holes are drilled ^ through them, 
through which the oil percolates. In addition, at the 
back of the saw is placed a small fetolving steel wheel, 
which receives the back thrust. Itecording these small 
matters may to some appear trivial, but, owing to the 
keen «conipetition of the day, anytliing, be it ever so 
. small, that either saves labour or adds to the productive 
efticiency of a inathine all practical men will admit is 
of importance. And here we may add that it is our 
opinion that much of the present success of American 
competition is due to the attention paid to the smallest 
details in their maghino construction, ^vhich either in- 
creases the ran^e of work performed, improves the 
quality, or lessens the cost of production, which saving 
in a day ftiay be infinitesimal, but when multiplied by 
months or years amounts to d gigantic total. In point 
of fact, in comparing English and American machines 
for performing the same class of work, many American 
machines ara curried further than our own. 

M. J. Fan, of Bordeaux, exliibited a machine in 
which the saw wheels are constructed solid, of wood. 
By thM plan he* claims to drive with less power, as, 
being without arms, the wheel lias less air resistance 
to overcome. Fixed directly tft the bottom saw- wheel 
spindle and driving this machine was one of P. Martin’s 
rotative engines, wliich made some 450 revolutions per * 
minute. 

M. Arbey, of Baris, shows a large number of ma- 
chines, including a band saw for cutting heavy timber \ 
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it is fitted witli a self-actii^g travejliiig table for feeding 
the timber, and a lateral incvejpont for bringing the 
timber up to the Saw. The tiavj?lling table was also 
arranged with a hand-power chain reversing gear. We 
noticed on ono of the lighter machines a compact little 
hand-rest for bevel-butting. 
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CHAPTER XV. 

C 

' BAND AND FRET HAW MACHINES — COTltiniied. 

The origin of tliN'i fret-cutting inacliine, which is also 
called the scroll or jigger saw, is obscure, but it was 
in general use long before the band saw, both in this 
country and America. For tracery, fret work, and other 
internal cutting, where the endless-bf^nd saw is not ap- 
plicable, the fret saw” is of considerable yalue. Hand- 
power fret cutting, by means of a bow saw, has been 
practisecl for a great number of years. Ol* late several 
improvements have been introduced, which render it 
more generally serviceable, amongst which may be men- 
tioned a flexible self-adjusting bow saw, patented by a 
Mr. Cotter in 1872. In this bow-saw frame the stn'tcher 
is iiiade of steam-bent beech wood, wliich forms aspring, 
Tlie stretcher ends are jointed to Ihe side bars; the top 
of the side baraare connected with the stretcht?r by two 
tension rods, fitted with thumb nuts af their outer ends ; 
the ^ other ends <i)ass into foihale screws fitted in, the 
stretcher. turning these^thumb nuts tlVe tension of 
the saw blade can be varied at will. The' end of each 
spindle fiir holding the saw has a longitudinal and 
transvtvse slot for receiving the blade and pin ; slots 
to correspond are made in the sliding tubcj so that 
when the trfbes are drawn forward and turned the saw 
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blade is firmly locked. by this plan, can 

easily be aet or removed, and Iroi^ the flexibility of the 
frame it is nio;*e^ pliable for eiittiii^ very sharp curves, 
and is also loss liable to break from sudden strains put 
on it. Befbre Mlfe l^aiuf saw was introduced, and after 
some years in a ineasm^e took thdplace of Jbhe frel: saw, 
almost all kiuAs of iiTe<^ular or curved sawing was per- 
foi-med by the irot s«,w ; seveftil other plans were, how- 
ever, tried, b«t with little success. 

From its novelty, a plan for curvfd^sawing, invented 
and patented by E. B. Wells, of Uiiiontown, Pennsyl- 
vania, United States of America, in 1854, deserves 
notice. An angular incision was made in a circular 
saw, from ih(} t‘dge to the centre, or, in other words, a 
sector was cut tr<?m the disc, which *waft> then sprung, 
by means of \v!ishors and rings, to any^’equired degree 
of curvature, ft was ternu'd an adjustable, dialled cir- 
cular saw, and was designed for cutting barrel staves, 
wheel felloes, and such like work. It mis intended to 
be run at a speed somewhat less than the ordinary cir- 
cular saw. 

Some fourteen years since, Mr. Talpey, of Xew Y®rk, 
made a ftet-saw machine, worked by th»‘ foot, which 
cm boifted, several improvements. 

A very complete fret-saw machine is also made by 
Beach, ot Montrose, United States (d' Armorica. Motion 
is given to tlie saw by an adjustable friction pulley on 
tJie crank sh^ft, and the*Bf>eed can bo vifried-at will by 
the operator depressing a treadle. The saw guides are 
adjustable laterally and transversely to line, ftr^to give 
any desired rake to the saw ; the cross heads are also 
adjiistabre for wear. Tensioft is given to the saw by* 
ratchet gear. The nvci'king parts are suspended to a 
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^vroiiglit-iron tabular eiiaft, which is held in place by a 
box and lever, and balanc^M lyy a* spring. An adjust- 
able steel Jbearing sjjpports the bjtct of the saw, and it 
can also be used to hold down the work. An air pump 
for removing ^be sawdust is attached to the cross head. 

Mr. James Engineer, of Dublin, has from 

time to tim<' introduted impro^fements into frt?t-saw 
machines. ln»1865 he brought out a simple machine. 
In a vibrating or pscillatin§ frame a fret saw was 
strained ; theb frame derived its motion direct frcSn a 
triple-action cam, having two or more actuating surfaces^ 
on the first motion -shaft, which was worked by the foot. 
On the inner and outer peripheries of this cam, which 
was a flange screwed to the side arms of the fly wheel, 
worked two pulleys covered with india-rubber, to prevent 
noise when mnniifg. These pulleys ifere carried at the 
lower end of a lever, the Upper end of which was keyed 
<0 a rocking shaft, which vibrated in bearings ^ttcd to 
the table of the machine. Two arms of a C form were 
also keyed on to the rockiiif^ shaft, and the saw blade 
strained between their two vibrating ends. By making 
two or more acting surfaces on the cam, any number 
of strokes of the saw can be secured. Au india-rubj)er 
l)all or bn^llows, inflated by the upward stroke of the 
saw, attached for blowing away the sawdiwt from 
the line of cut. 

Mr. \V. J. Cunningha’p, of London, patented about 
1865*a comljined fret saw and drilling machine, of ^ry 
^mple coiistnuction. The drill was vertical, and worked 
by leverage, and tcoiild be attached with advantage to 
an ordinary lathe. We have recently 8 eei> a well- 
arranged machine especially adapted for dovetail work, 
designed •by a Mr. McChesney. The saw is driven by^ 
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a cord passing over three sheaves, tw\) of which are 
adjustable, and the'teijsiod of saw can be regulated 
thereby. The nuiin *iVame is of C^sliape, awd of light 
construction, but, t6 prerent oscilljition, it is braced by 
means of a wire rope passed round its exterior. The 
table can be set to angle, to give^t^e taper to tin? wood 
neceskary in, the eur^Vd form of*dovetail it is designed 
to cut. ’ 

Messrs. J. A. Fay and Co., of Cincinnati, U.S.A., 
exhibited at the International Exhibition in Paris (1878) 
•a very complete^ fret saw, which we illustrate herewitli 
(fig. 23). As will he seen from the drawing, the body 
of the UKudiine is cast in one piece. The n‘cij)rocating 
parts are inadi* very light ; the tension is flexible. Tlie 
upper end of the saw is attached to a strap, which, at 
its upper end, is Connected with a. segment pulley and 
eccentric rollei^^ To this eccentric roller is attached 
the strap.s, wliich are connected witlj two steel springs, 
made of a series of thin i>hites of difterent lengths. 
By this aiTangement an ikimo.st equal tension througli- 
out all parts of the stroke of the saw is secured. The 
eccentrie roller is so adjusted that in the downward 
stroke of the saw the lessening flexibility of the steel 
springs is compensated for by the .shortened leverage of 
the ec(fentric roller. The sliding eross-fVame^ if, whicli 
the springs are fitted is adjustable for different Icngtlis 
of saws, and the small hand wheel in front of the 
machine sets itie cross frame to any dej^ired ‘’lead.' 
A patent combined brake arftl •striking gmr, worked Uy 
the foot, is attached, and is arrangodito .stop and start 
the saw trradiially. The fiist-and-lof).se pulleys are six 
inches in diameter, and are sjieeded to make 1,100 
revolutions per minute. * 
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Messi's. lio^ers and (!o., of Norwich, U.S.A., 
also exhibited a handy f#ei ^aw! The saw straining- 
traine consists of liglit iron ffaflae, adjustable to dif- 
ferent lengths qf saw, and has oA either side a hard- 
wood spring, with adjustable tension, and is connected by 
straps to \he sifw. • The saw is held, by a hook and pin 
at each end, which allt)ws it to bl easity detacheef. The 
back of the is fitted with and steadied by a guide. 

We have seen another method of holding tl\^e fret 
saw introduced in inacliines made by J. Richaj*ds, of 
Philadelphia. Tn this machine the is not strained 
in the usual manner, but supported by steel anti- 
friction guides fixed at its top to prevent it turning and 
give lateral and back support at the same timi^ The 
saws an* fastene<l to a tubular slide running in bearings, 
and steid guides are fitted to the end of the sliding 
tube. A small fau-blowor is Jittached 1*or clearing away 
the sawdust. A very good plan fin* kt'eping th^ cutting 
line clear in lieu of a fan-blower is, to construct a small 
cylinder with a piston which can be arranged to blow 
a volume of air at each denvinvard stroke of the saw, 
and will perfi’^rin itvS work very effectually^ For light 
ornamental sawing a simple and compact iiiachiiio, 
worked %y the foot, has recently been patented by a 
Mr. Thames, an American. The recipijocating motion 
is given to the saw l)y attaching the saw arms to a 
continuously revolving wdieel. This qlieel is driven by 
straps atta^ed to the treadle, and the ordinary crank 
fs done awaf with. 

If, in design hig a band sawing machine, ii was pne- 
lif able to embody some of tin* various impfo^’ements 
we have notice^l without infringing ]»alent rights, the 
result sltould he a comparati\Vly perfect tool, eomhinim* 
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tiiat great ilesideratiim in macliiiiery Jlie maximum 
amount of productive efficiency with the minimum 
amount of complicalifin and loss fvom oxcesaive wear 
and tear or breakagJ*. As, however, t)iis embodiment 
is unfortunately not prajCticable, wo must content our- 
selves with a few general hints, whieh *inay bfe found of 
some service. The mfein framing' should be rigid; and 
cast in one piece. For the lighter clasi^ of machines 
an ordinary flange casting is suflccient, but for the 
beaviey type a hollow or box fmme is to be preferred. 
Gare should be taken that the frame is curved or bowed 
sufficiently to allow of ample room between it and the 
saw for the easy manipulation of the work. The saw 
wheels should be made as light as possible, and the 
upper wheel mounted in a slide, arranged to ‘ give ’ to 
the vibrations or any sudden impact of the saw^. The 
saw-wheel spindles should be of steeK and run in 
double b^niringa of phosphor bronze. Sufficient care 
should be taken as to their lubrication. The periphery 
of the saw wheels should be covered with india-rubber 
or two thicknesses of leather, and turned inside and 
out, and accurately balanced. To lessen the breakage 
of >he saws from expansion, contraction, or other 
causes, and to keep them at their proper t^'nsion, a 
weig^itetl lever or spring should be fitted to the slide 
in which the top saw-wheel is mounted. Metallic 
friction guide-wheels should bp provided to receive the 
back thmst of the saw, and adjustable \^ooden side- 
guides shcHild hi so be added; ‘On no accv)unt shonldt 
the back of the saw be run against a flfccd bearing, 

In th^ heavier class of sawing it is found that, no 
matter how carefully it is operated, the saw is apt to 
^buckle and run from the line; it is, therefore, neces- 
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sary, in addition io the/irdin?ij'y guides, to provide 
some plan to obviate this as possible; this can 

be accoiifplished hy adding side fyiction rollers, placed 
on a spindle vertically, and arranged to guide from the 
teeth of the saw^. The^saw wheels should in all cases 
be made of as la^fe diameter jas ijonvenient, as the’ 
friction, and consequent buckling and breaTcage of saws, 
is by this menus lessened. ^ For very heavy sawing 
blades three or fou^ inches wide are used ; the wtieels 
should be of* not less than 5 feet diameter ; theSe are 
sometimes constructed of wood, or ol‘iron centres and 
wooden rims. The upper saw-wh eel should in all cases 
be so arranged that it can be set to an angle with the' 
lower wheel, thus directing the saw to run on any part 
of the periphery ,^and equalising the wear on the india- 
rubber. or lea|hor covering. The tab^e on which the 
work is placed should be arranged to set to an angle 
lor bevel-sawing. A ball-and-socket movement is a 
convenient plan tor this purpose; the angle can be 
determined by a gauge and pointer. For liglit bevel- 
sawing a small portable hand-resi should be provided, 
and for regular sweep-cutting, such as wheel felloes, chair 
backs, break blocks, a radial arm is useful. The 
upper saTv-wheel should be arranged to rise ambfall to 
suit valuing thicknesses of wood, as als© the front ^aw 
guide-arm. It is now the practice in this country and 
Amepca to construct the Tvlieols carrying the saw with- 
out flanges fin lien of thy, at any rate ^n the larger 
itl a chines, a small loose roller should be fitted* to guide 
the saw blades *on the upper wheeJ. Th^e larger 
machines are sometimes fitted with a self-actii^g feed 
for straight sawing, A very j^ood plan is to aminge 
vertically on the table two or more rollers, geared 
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strongly together, iind a fciico adDustiiblt) by lueans of 
ii hand wliool and to thickness of cut. These 

rollers are set in nii'fioii by suitable toothed oi* friction 
gearing, and the wood is fed between them and the 
fence plate. The feed rollers should be provided with 
eliang^s in the ra^e feed, to Liirlt varying kinds of 
wood, and should be adjustable to and I’rom the fence 
plate. ^ 

This self-acting feed is very useftil where much panel 
or boi: work is required in addition to the ordinary 
curved sawing, lor which a separate table should be 
used. In sawing the heaviest class of logs into boards 
by means of a band saw, which in the cast‘ of valuable 
woods is oftentimes done, in lieu (»f the 1‘eed motion 
above described, a travidling carriage, actuated by a rack, 
chain, or other suitable feed, is provided. Band saws 
are sometimes used for cutting iron, sb,‘cl, cop^x)!’, kc,, 
when ChMd. In this <‘ase the saw' is driven at a slow 
s[>eed —some 250 feet per minute. The sa>v is tempered 
specially hard, and is made somewhat taper from the 
points of the teeth to the back of the bhid(‘. The iron 
to be sawn, is tixed in a suitable cramp or vice, Larg(‘ 
balld-saw machines arc also constructed to work Imri- 
zontiilly, for breaking d<»wn heavy logs. For'^his [>ur- 
pi>se the saw' >yheels are made* of large iliannder, and 
mounted on sliding bmckets, working on two vertical 
columns; these ^brackets an**rais(‘d and lowered simul- 
taneously by a hand wheol and screw. The tindu r to 
be cut is’ earned underneatli *the saw, oiV an iron tnt- 
velling tijjle, fitt<MLl w'ith rack or other Vef‘d, and a gauge 
and pointer are provided to measure tliickness of the 
cut required. By certain niodilications this form of 
horizontal haml -saw can* be adapted for cutting shii>s* 
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timbers to the poculiiir taper and bevel required in 
formiin/ tbeir keels. Iii*Ne’v t'ork band-saw blades 
are worked ii]) 60 J’t loii<^ l»y 6 or 8 in. wide; but 
tills large size are rarely, if ever, ifsed in this country. 

The advt.rtages gained in using a well-constructed 
band sawitig machine are many, jii the first ^place, 
even in cutting heavy limber liie [»^wer required to 
drive is sina.lt, and the cut is conlinuous. The wear 
and tear is small. •As the (fust falls through tlio^kerf 
in sawing, tbe lines of the design can easily be foUowed 
by the ui>erator. The saws can be WM‘d of very thnl 
gauge, thus wasting little, whieli is a consideration when 
sa.wing valuable woods. Architectural d(,‘signs, furni- 
ture work, of elaborated design can readily be 
sluiped out, thus elfectiiig an immense saving over 
liand labour. li/additi<.»n to cutting wood, baud >aws 
can be ari’anged to cut iron, bone, ivun, paji’.r, cloth, 
leather, and (dlier mafuials. hi working btind-saw 
machines carr must 1 m.> taken that the saw blades used 
are of tln‘ best possible qualKy. as, no matter iiuw well 
a machine i'> constrm teu, if infm'ior blades anj used 
the loss from hi'eakages, stojq»ages, Ar., \yll be cou- 
■ siderable. '^a\NS should imt In- used of greattu- width 
or gaug<*thaii is absolutelv necessary. It is a m’stake 
to .NiqT[>OsO that saws of a thick gauge or great width 
stand better than thin ones. The reverse is the fact: 
they should he of oxaetly Ihe same wid^h and tliickiiost- 
througliout,yud of uniform tem]H‘r and set, 'fho teotli 
the saw sl.^mld be set ’by blows on tbi* iushie of tlu 
blade, as in this rase they are less liabh' to ryu (♦tf thi 
wheel. Th(‘y should be w<*rked at a moderate* tension 
'flio teeth of baud saws for ordinary sawing should bo 
Bpi'eded tb travel about 4,000 feet per minute. 
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CHkPrEE XVI. 

STKAM MORTISINd j^ND BOllING MACHINES, 

After the forest tree has been cut dowh, sawn, and 
planed true, the •next operation is joining it together; 
the most general form of joint is that produced by 
the mortise and tenon. Wo shall in another place notice 
the operation of mortising as performed by hand-power 
machines; we now purpose taking the larger class of 
mortising machines worked by steam, and adapted to 
the heavier worU required by railway-waggon builders, 
shipbuilders, contractors, ami (»tliers. 

Mortising machines imiy he briefly divided into two 
classes— those in which tlft* chisel or cutter is worked 
with a roeiproeuting motion and tho.st? in which it is 
worked by^i rotary motion. These two motions, how- 
era*, admit of many moditications, to suit the different 
classes of work or material operated on. In thi% country 
and.Amaa’ieii iqacliines with a recijirocating motfon are 
most in favour, whilst Framx* and other Contimmtal 
nations gen(‘rally ]»n*fer a r(»fiiry motion. 

^he invention of the mortising ma(diiiK\is generally 
attributed to Sir »SamiieI Heiftham, in the year 171kk 
In 1807 Jjninel, jii conneetioii with 41onry Maiidslay, 
made ^^eral macldnes for the Government, which were 
in successful operation at Portsmouth Dockyard ami 
elsewhere for many years! These maehiiies weVe chiefly 
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used for mortising ships’^ blocks, wliicli operation had 
hitherto been performed bj labour. Rees, in 

his ‘Cydlopffidia’ ‘(ISIO), says, framing of all 

these machines is made of cast inm, and many of those 
parts which are exi)OSi'd to \iolent and rapid motion 
are made of hardt^iicd steel, tj a>mid wearing; and 
wher(^ this is impra(*.ticable such parts a're formed so 
tliat they can readily be renewed when woni out, the 
trifling repairs to chtting tools, &c., being made by the 
workman oii the spot. These circumstances w par- 
ticularly re<*onimond to the atteiitkm'of manufacturers 
who liave occasion to employ extensive sets of ma- 
chinery; for this, when well constructed, though ex- 
pensive ill the erection, is olieaper in the end than 
imperfect works^ which require constant repair, the, 
expense of whjeh is the least evil, as it ^jenerally happens 
that a machine will fail at tliat time when it is most 
wanted, in consequence of being then most worked ; and 
the loss occasioned by the stoppage of great \vorks, par- 
ticularly wliere many penjde are employed, is too evi- 
dent to require our notice. In the same manner, an 
attention t<» neatness in the appearance ot^* machinery 
has its ad\aiHag(*s, by inducing the wwkmeii to be 
i*arefid <*f tic* machines tlu‘y work at, to preserve them 
I'ntin tbe slightost injury, and to keep them clean ft’om 
dust, wliich, trifling as it may appear, is a very essential 
l>art-preservatioii of tb»<Se parts wdikdi are in r^^pid 
motion wdth friction agaiqst other partjj^ for dust get- 
ting between sueli surfaces grinds them a>vay very fast 
and in their inosl: essential points.’ %We coiftjneiid the 
alnue ])tiragra[)]i to the attenfivt* perusal of mfinufac- 
iurers and designers of any kind of machinery, as it 
conveys several wholesome lesson©. 
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The mortising machines, designed by Brnnel were 
arranged to cut the nortises in several blocks at one 
time. As many chifels as there wore mortises to b(‘ 
cut were fitted to a verticil I frame o'r slide, working 
between standards somewhat i;imilai\to i\ip ordinaiy 
saw-fMine. Thi;: Vert\*eal frame ^received, a reciprocat- 
ing motion from a crank and connectirg rod. The 
blocks to be mortiwsed we\'e fixed on an iron travelling 
tabid, arranged to pass underneath the chisels ; motion 
was communicated to the travelling table by means of 
a ratchet wheel and screw, so construct(‘d that the table 
was moved forward the thickness of the chip it was 
intended to (Mit at each stroke of the chisels. The table 
also had a hand feed worked by toothed gt*aring, by 
which the operatoi could bring it up to the i»roper piiint 
for commencing the mortise. The chirels were pro- 
vided wi|h small teeth, which were fitted into d« retailed 
notches, formed in the blade of the chisel, and called 
scribers. They had a sharp edg'- projecting a small 
disfaiK'e beyond the inside edge of the (‘hisel, and there- 
fore in descending through the mortise the scrilau-s cut 
the^ sides of the mortise clear, and cut at the same time 
two clefts, which separat** the chij) which be cut 
out bv.the next stroke* at it«- <*dg(‘s from the iius ide of 
the mortise, S(^ that tlie cliip euim*s out (dear, without 
splitting at the edges, thus making the inside of the 
mo*dise as id(iar*and sim^olhVs possible. Each chisel 
had alse a pUct? of steel tix«<l,ou if b(‘foi;;*th(* (‘dgt* bv 
a screw which pr«»j(‘cts from the iniijdle of it, and is 
screwed jhto its blade, the nppm* end of the i>iece being 
received in a not< h groove f(»rim‘d in the chised. This 
piece is for clearing the yhips out of Mn* mortis«; as fast 
as they are cut, for though in gtnieral thes(' fall down 
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the block, yet it may happen will stick in, in which 
case, without this precaution, w<nil(l cloj^ up the 
mortise witli chipil, so as to iinpe&e the proper action 
of the chisel. There were three machiiies of different 
sizes in oj)eratipn, and, the mirdium-sized machine was 
speeded to make ifs many as 4t|^0 strokes per minute, 
and ihe worje turned out is report(*(f lo'have been of 
first-class quality. 

For some 3 'oars no espei-ial improvement's on 
Bruners mortising machinery seem to have been made 
in this country. Some thirty years Ago Mr. Buck, ah 
American, invented a machine with a somewhat in- 
genious action. The tool or chisel holder was arranged 
to slide between guides, and was aetuatcMl by a link 
similar to that u^ed in the slide ge^ir of a locomotive^ 
this link was, worked by a (‘rank, or eccentric. The 
link was shifted by a treadle, so that when the block of 
the tool-holder is at the fulcrum end of tin* link the 
chisel is at a standstill, and the further the tool-holder 
blo(‘k is from the fulcrum tfie longer is the stn'ke. 

A mortising auger f(»r making square holes, in- 
vented by Mr. A. Bram h, of New York, \\ 5 iis described 
in tin* ‘Ji’ranklin Journal ' of Philadelphia in the Vear 
182(,', It was stated to consist an auger, ^formed, 
like the American screw auger, with the twisted-part 
mielo; ed in a case or sockid, extending from the upper 
paii of the twists to tlie cutting edge, allowing the 
small entt^-jng screw U>, project bcyoi^l it. The ex- 
ternal form of the socket is either s(juare or otherwise, 
acc(»rding to the intended shape of tjie hole 4o be bored, 
a large portiem of its sides being out away to cJlow the 
chips tq escape. Tin* lowin’ ^end of the socket is steel, 
with a sharp cutting ('dg«’ levelled towards the insidi^ 
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The cutting edges are^not allowed* to terminate in right 
lines, but are made Qoncajvre, so as to admit the angular 
points to enter the* wood first, thU causing* it to cut 
with greater ease and more smoothly than it otherwise 
would. The upper part of th<> socket forms a collar, 
which^ works freely <^ii the' shaiik^ of the auger just 
above the twisted part, and is refainod in its place by 
a pill and other appendg^ges. When a longitudinal 
hole pr mortise is wanted, two or moVe augers are placed 
side bj' side, furnished with their appropriate sockets, 
and retained in itheir places by various contrivances. 
This form of auger was invented about the same time in 
England by a Mr. Thomas Hancock, of London, and for 
some classes of mortising it is in use at the present day. 

In 1858 Messrs. Slater and Tall brought out some 
novel machinery, especially adapted for cutting ilie 
wood work necessary in the manufiioture of carpentfU’s* 
planes. ‘A mortising machine for forming the sloping 
sides of the cavity in the plane block necessary for the 
iron was very ingeniously llevi.sed, and may h"? briefly 
described. The cutting irons or chisels were bolted t(^ 
two slides, jiicing each other, and working in dovetail 
grooves on the face of two inclined standards. The 
upper end of each of these slides was joined to a <‘ou- 
nectiiJg*rod. and tlie lower «mds of hutji these rods to a 
crank pin, fitted to the face of a cast iron disc. This 
disc was keyed oy to tlie end of a driving shaft, run* 
nin^ in liearin^s, and fitted with fasLand-lom* driving 
pulleys. The plane hl(»ck to b4' niortisecf is lield by* 
screw clanjps upon an inclined bed, Set to an angh? 
corresp<jnAing to the different inclinations of the sides 
of the cavity required in the plain* block. When the 
•iiachine is in motion the* two entters descemt siinub 
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taneously and comraenc(3 their cut close together, on 
the face of the plane block,* au l gradually widen as the 
block is set up, untM the angular davity is cut out the 
required depth. Another machine was designed for 
cutting the grooves in t^ie cheek« of the plane’s cavity. 
This machine was fitted with exp-^ndin^ cutters, jvhich 
expanded gradually at each stroke, thus deepening the 
grooves in the block. When, the proper depth of ilie 
groove was attainefl, the expanding mecbanisni *was 
thrown out of gear. Eacli of the expanding cutters 
had three cutting edges ; the outside edges widened* 
the groove or slot in the plane block at each descent of 
the cutters, and the bottom edge cleared the wood 
away. The general arrangement and details of these 
machines reflect the highest credit op their designers, , 
and may be studied with advantage by students and 
otliers. 

About ibis date also (1853) Messrs. Biiuleii and 
Lamb, of Glasgow, maxle some machines for mortising 
and tenoning. In tlieir machine the mortising tool 
was held in a spindle fitted in a small frame formed 
with slides, and working in vertical guides* A recij>- 
i' 0 (!aiing motion was given U) this frame by an eceenfric 
moveraeiik overhead. The eccentric shaft was carried 
by a frame having a vertical traverse movement ; and 
by means of a foot lever, which was connected to the 
frame by a rod, the inortsisiug tool could be bronorhi 
deeper into ttie w'ood, as reyinired. The |pindle earry- 
iflg the mortiSing tool had upon it a pinion in gear 
with a short rack*working in a slot across theWiume ; a 
pin carrying a friction pulley was tithed to tlie back of 
the rack, and proj(jcl<'d through the shit. This friction 
pulley acted on a transverse sliding piect*, by whicli tlie 
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tuorfcising tool was ;i‘cversecl wllen required, without 
stopping the inaehivc^. 

Mr. II. B. Sniitl\, of Lowell, MaJasachu setts, U.S.A., 
in the same year patented a plan for reversing mortising 
chisels by the foot. A grooved pulley, was fitted to the 
chisel bar; round' thi^‘ pulley ran "a gut band ; this band 
was prevented from reversing the chi^sel by a stop 
piece ; a motion of the fo*)t, however, released the stop 
pieor3, and allowed the chisel bar to make just one half- 
turn,' thus reversing the chisel without stopping the 
machine, A no^el form of machine for mortising blind 
slats was also invented by Mr. Smith, who arranged 
the chisels to work by means of a series of cams on a 
revolving wlieel. Two pieces of iron, of triangular 
sec'tion, were mounted in guides, and so arranged that 
together they fpnncd a prism of some 2, inches square, 
each half having a separate movement. In the ends of 
these sliding pieces were mounted chisels, the bevelled 
sides towards each other; these chisels enclosed the 
mortise Ix'tweeii them ; and they could he made to any 
length or form desirable. The cbi'^els were tirst driven 
singly, which marked out ami sunk the mortise, and 
then simultaneously, which removed th»‘ co;*e. The 
machijie was arranged to set to any angle and ;,o any 
disftanct» desirid hetween the slats, and to sb>p it^^elf as 
each operation was eomjdete<l. 

, Another Aifierican, Mr.*B. H. Otis, (d SyrRcusc, 

New York, ^bont this tiipo also introdnoed several 
#. ' • 
improvements into mortising machiin-s, including a 

method ^Af varyiiig the stroke of tin' chisel hy a kind 

of link nndion, wlncli was derived from any point in a 

slotted lever. By moaii.*^ f>f a suitable bend iu the shaft 

the link l»lock may he placed exactly in a line with its 
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axis, which position it nssiiincs jvhen ivlcfisod by tlio 
worlcnnin, and the chisol is hnyuidiately stopped. A 
novel device, a|)pli^ablo to tr(*adh/-niade machines, foi* 
relieving the fo«'t ot the operatoi from the unpleasant 
jarring ns.nally felt, wjV fitted io this inachiuo. Tlie 
treadle movement wa!^transiijitt(|Ll il/rjugli a trio/igular 
frame or wedge piece, the obliquity of wiii'ch was about 
('qual to its angle of friciion^ so that little of the usual 
jarring could be transmitted to Iho workman. 

Prior to and following our Exhibition of 18.>1 con- 
siderable progress >vas made in nmi^ising machinery 
in this country as well as in America. In 1810 Mr. 
W. E. Douglas, of Invcralmond, ^klid-Calder, designed 
a machine for mortising, tenoning, boring, and ripping 
timb(‘r. The m<jrtising was done Ji)y means of a fi\^ 
whe(d and double crank, connected J^o a cross head, 
to which the chisel was lixod. The wood was passed 
beneath the chisel between two gui<h‘S, one fixed and 
the other movable, to suit different thicknesses. 

To cut/ tenons, the mortising chisel was removed, 
and a frame containing two saws was fixed to the cross 
head, (hi the driving shaft was fixed ;wi eccentric, 
which (^^mmnnioated motion to a ratchet wheel, which 
fed t4;e wood bem'ath tin* saws. Tin* ripping ij.iw was 
driv»*n by a large fly whetd. 

In the year 18r»:2 Thomas (Inihl, an American, 
intr^^dneed several very important iihprovements ,into 
r»*ci]nocating morti>.ing^ ivachiin*s, notably an nn*ange- 
m(*nt for graduating the stroke of the chisel by inean.s 
ot a treadle, whi<’h set it in moticfn, and •l^y the aid 
ot a rod and links controlled its stvoke. Pvanc<4her av- 
rangemqnt this inachinf* was, enabled to «*ut a mortise 
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Although certain modifications h'ave from time to time 
been introduced injio it; it has substantially held its 
own to the present 'day as the most advancetl machine 
of its class. 

In 1898 Varrall patfmted form of mortise chisel 
in which a small .doiible-pointed^tbotii was centred in 
recess, and arranged so as to project only as the chisel 
rose, thus drawing the cjjips out with it; this plan is. 
however, calculated easily to get o\it of order, and hjis 
never, been much used. About this time also a chisel 
having serrated hedges and a bird’s-mouth point was 
patented by a Mr. Meyer. 

In 1854 Mr. Adancourt, an American engineer, de- 
signed for use in mortising and boring machines a some- 
what novel form of expanding boring bit, by means of 
which conical holes could be bored any d(‘sired depth, 
and the chips removed without boring right through 
the wood. In making it a bit or auger was formed in 
the usual manner, and then divided longitudinally into 
two unequal part.s, the tincker section btdng formed 
with the entering centre of the bit, whilst the other 
was sprm% outwards, as far as was nece8s,ary for the 
.widest hole intended to be cut. An open collar was 
then fitted over the shank of the bit, s<» as to press the 
spring side set^tion against the centre. The frame or 
eollar-pie<'e consiste<l of a pair of solid dise collars, con- 
neetod by two iiwclimMl side arms, the proptdling ppiitts 
of which extended down to the cutting point?^ of the bit. 
When th^ bit wa« iir operation, the.se joints resh^J 
against the material being bored, and a*s the boring pro- 
ceeded 4h*e collar frame was gnidually pushed upwards, 
thus releasing the spring section <»f the bit and giving it 

expanding wi<ltii for the formation of a conical bob*. 
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In our Internatioiiiil of 1862 ca nifmber 

of mortising machines were Messrs. Green- 

wood and'^Batley, c/f Leeds, exhibited a well-designed 
machine, fitted with a graduated stroke, worked by a 
treadle arrangement, ^'he clv^el was reversed by a 
hand lever, and ke{)t* in position by a spring fatch. 
The table canning the wood had lateral and transverse 
movements, and was fitted with trunnions, which could 
be set to angle for bfevel mortising. 

Messrs. Robinson and Sons, of Rochdale, exii>bited 
a machine fitted with a vertical and* horizontal seh- 
acting feed. The horizontal transverse feed was worked 
by a cam and ratchet motion. The vertical or descend- 
ing feed was effected by means of a revolving screw, 
with a fixed beaming within the clnsel bar, working 
tlirough a nut in the stud, bv which the chisel bar was 
driven. The screw was made to revolve by Ix-vel gear 
from the crank shaft, and descending through the nut, 
carrie<l the chisel bar with it, thus giving the descend- 
ing f(MHl. ’ 

The machines shown by the French migiucers con- 
trasted considerably with the English exliibits, being, 
without excoption, constructed on the rolary principle. 
^I. IVrin, of Paris, exhibited a traversing mortising 
machine. The* mortise was formed bv; a traversing 
ndary cutter, working from a horizontal spindle. Idle 
cutter u.sed for deep mortises was a Jdnd of double 

• ^ ^ ^ ft 

gouge, witb^eiittiiig edges for peiietratjon. and tvvo 
lifiigitudinal cutting edges for traversing. FoV shallow 
mortises a diiubl^ cutter was used, ^tted a steel 
spindle. (.)n this spim]le two helical threafls* were 
cut, by w'hich the cliips wore removed. The spindle 
was litteif in a movable traversing frame, which ear- 
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ried also a cutter fof squaring out tlic ends of tlie 
moi’tise. 

MM. Bernier and Arbey, of Paris, sliowed a wooden- 
Iranied inacliino, in whicli tin* {;ougr or cutter, which 
worked hoidzontally, wj^s of sqnie\vhat peculiar form. 
In appeara*ncc it similar t<^ a»v ordinary gouge, 
with a web at its extremity, subtendiiig tike arc like a 
segment of a circle ; it w^as fopnd to penetrate well, and 
readily cleaned its(df. A double-ended square clus(*l, 
squared at both edges, with two inclined surfaces meet- 
ing at the middle, was used for squarinfj the ends of the 
mortises, w'hich it did without reversing. 

^l. Ziimnerinann, of Chemnitz, exhibited a rotary 
mortising machine, the cutter of which was traversed 
l»y hand, but it possessed no special feature of novelty. 

Folltoving our Exhibition of 18G2, improvements in 
mortising maolnnery were made by Barton, McDowull, 
Wilson, and others. In McBowalFs machines*a chisel 
with a serrated back is used, by which plan the saving 
of a considorabk' amount of*time is claimed, cn<l also 
tliat the core is withdrawn at every stroke of the chisel, 
and prevented from jamming itself into a oon^pact mass, 
which oftentimes bends or breaks the tool, and cau.<«‘s 
considei'jflilc trouble in n-moval. 

Fi?. 24 represents a comlaned chain and ladlow chisel 
mortising machine, by AV. B. Ibiigh, (5rul>an and Eo., 
Limited. 

tAc mai# frame is of extra heavy design, and flie 
isiiclnne is afranged wit’ft C(>m])onnd tabfe, fitted with 
patent epicyclic g§ar. 

The makers claim the folhwving features in coTny^ction 
with their c*hain mortising marhines:*— 

There* ib an entire absence* of compheuted mule or 
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pulley airang^nicnts on account of the epicyclic 
dri\'o, the pulleys re*n|vining always in the same position. 

The chain and '(lollow chisel c^n be worked quite 
independently of each other, and both levers arc operated 
by the right hand. 

T{ie machine^ tftke^ up less Hoot ^pace than any other 
similar type* machine. 

The machine is fitted* with an automatic fan which 
clccvs the chipping and enables the ‘lines to be followed, 
and will take in timber up to 12 inches deep by 9 inches 
wide, and will cift mortises from { inch by J inch up to 

0 inches by I J inches wide, and inches to G inches deep 
can Ik) cut aiul finished at one stroke. 

'The hollow chisel and bit will make mortises from 

1 inch to I inch square. , 

Chain and hollow chisel mortising macliines have l>een 
largely introduced of late years and have met with much 
success, Mie work l>eing rapid and cb‘an, and the power 
required In «lrive small. 

The chain cutters are dtiven by a sprocket wheel, mid 
run over a guiile-bar which is fitted with an anti-friction 
roller at lower end. The revolving cutters arc brought 
do\vn into the wo<jd by a lever or treat lie, and when 
correetly shaqmned cut a clean im>rtiHe without sj)li titer- 
ing* no boring pr core-cle«iiiing being required. 

It iH’ed hardly be said that the success of thoMMua(;biucs 
very largely deppnd.s on the quality of the material and 
the aecuraev of the work in tlie chain and evtters, and in 
the wav tiiey are shar|»ene<l and kept to their original cut- 
ting angl»i III working these machines it is veryinqiortant 
that tl||*’*p^‘‘’f^'^‘ width of sprocket for the mortise 

to he cut is us<m1, the nhain should he amply lubrieatc»l, and 
never forced into the wood or iient sideways. 
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In the Paris IntdI'iiational Exhibition, 1878, several 
mortising machines were AhibiteS^^but none possessing 
any striking I'eatur^ of novelty. Messrs. Eobinson and 
Son, of Koclidaje, showed a cornpart little eoinbined 
rotary mortising and ]|laning^ machine. The planing 
table was arranged He rise and |ill.<ind the wood was 
passed over the eaitling iron. For slot mortising tin; 
wood was brought^ rapidly n^to tlu. cutter by a quick- 
threaded screw. 

We noticed one Englisli hrm of some standii^ ex- 
hibited a mortising machine with a positive stroke — 
that is, the chisel is driven to the bottom of the 
mortise at the first blow, a plan in every way objection- 
able, but this may be cited as an example of the con- 
servatism that ejists amongst some^engineers even of 
the present da^. Messrs. Gibson, of Jonsered, Sweden, 
exhibited a machine eonstnicted after flie American, or 
^^hat is known as ‘Guild’s patent.’ In this»chi.s8 of 
maebine the chisel is stopped and started by a treadle 
. movement. 
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CHAPTER XVn. 

8TPAM MOliTISINf} AND DORIXG MAOHINKS — eontinu&l. 

Although inortkiii*,^ inacliincs may W classified under 
twi) heads, rooiprocatiu'; and rotary, these motions are 
subjected to many modifications or arrangements 
adapted to difteivnt or special classes of work. It was 
the practice in this country for some years to construct 
reciprocating machines with a posilivo blow— that is, 
the chisel was a*lIowcd to plunge int»» the wood the full 
depth oti the mortise at the first stroke, tlius, in hard 
wood especially, cauaing an undno strain on tin* ma- 
chine, breakage to ehisels,*and othor evils. Thi^ ]>lan 
has very generally been modified, or altogether aban- 
doned. For dour sashes and sneh like light work, perliaps 
the most simple and convenient form to eoiistruct a 
machine is so to arrange the chisel bar that' it has a 
po*dtive and ei>ntinuous motion, and the wood that it 
can, hy the foot or other moans, he raised gradually U[» 
to recciv'o the i^ction of llie chisel. Hy this plan the 
chisel is allowed to enter the wood by dogr/ses, woiking 
deeper and ifeoper at each s'troke, and the jar and 
coneiissiop Udbrc spok«^i of are <lont* away with. It 
also lyi.'/ the additional a^lvantage of simplicity, and 
can Btifely he driven at a higher rato* of stH.ed. The 
table carrying the wcw^d should be arranged to angle in 
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either direction for ‘bevel mor|ji8ing, and to travel 
laterally under the chisel — a 3*ac]^ And pinion is a con- 
venient nfotion. Itn* light mortifli|lgk the wood is often 
not clamped, but fed to the cLiselly hand. 

In some of ^the A|nerica4 mortising machines — 
which, on the \\iiol{, may be said tcp be in advance of 
ours — we have seen a novel form of compound treadle 
arranged to produce a varying throw of the table, as 
•the change of work or depth of mortise may roiider 
necessary. An additional advantage in this treadle is 
that, though the machine may be run* at a high speed, 
little vibration is felt by the operator. In a large 
number of the American inachine«> the chisel bar is 
arranged with a graduated stroke. This motion is 
obtained by leii^thening the conpection from thg^ 
occoutric to the chisel bar, starting fi^m a still point 
above the extreme upper throw. This form, although 
possessing several advantages for the heavier classes of 
work, is considerably more complicated and less durable 
than the machine in which tlie crank shaft has a fixed 
position. In all machines a separate, vertical boring 
spindle should be provided, of sufficient range to reach 
the bottom of the deepest mortise. The centre of Ihe 
boriiip bit should be exactly in a line with the .centre 
of the chisel, so that after a cleai*ance# hole has been 
bored in the wood, it has only to be moved laterally to 
bring it directly under the chisel’s action. In gradu- 
ated-stroke* machines thy table carrying the wood, 
ifi addition to lateral *and tranBvei*se adjustments, 
should be arran§ed to rise and fall to 8uii» ^difterent 
•thicknesses. 

For inortising wheel stocks^ a separate slide must be 
provided, fitted with cliuckv or centres, to take the 
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place of the onlinan; table, ami *the stock is held be- 
tween them. A diyi^iiigf or index plate should be 
’attached to onc‘ of * the centres, anil so arranged that 
any number of mortises can be cut in the stock without 
the necessity of inarkin^ij out. ^’he length of the mor- 
tises yan be reguiakil by stops^*oh otherwise. As a 
certain amount of angle, or ‘ disli,’ is reqiiired in these 
mortises, the table carrying the centres must be 
arrajjged to cant. 

Aiiother form of machine, of American origin, but 
tirst made in tlifts country some five-and-twenty years 
tigo, is arranged with the chisel bar, crank shaft and 
its connections, fitted on a slide; and they ui‘e all 
brought down to the work by a connecting rod and 
counter-weighted ^treadle, thus enabling the chisel to 
enter the wood gradually. When the foot of the openi- 
tor is removed from the countcr-weighied treadle, the 
slide and chisel will rise from the work. This form of 
machine can only ho recommended for the lighter claas 
of mortising, as for the heaviest railway and other 
work the vibration is found to l)e cx^'cssivt*. 

We have seen some well-arranged inacliiiies of this 
class made by Messrs. C. B. Rogers and Co., of Norwich, 
Conn.^U.S.A., whose patent, we believe, it originally 
was. Their method of reversing the chisel deserves no- 
tice. When one end of a m(»rti.se is rompletcd, the 
op^nitor removes his foot from tint ctmntcr- weighted 
treadle, the cljisel slide rises, and tin* chisd is reversed 
by a worm on the chisel bur; it is tlnm bought dowlft 
again into action , and the mortise is dbmpletcd. 

Ijit mortising muchim*H for tlie heaviest clas.s of* 
work the Iwiriug spindlfj can with advantage, in addi- 
tion to its ordinaiy boring operations, he arranged for 
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slot mortising. This* can be socj^red by mounting the 
spindle in a bracket sliding tran^^rsely on the face of 
the main* column 6 f the machine^* n*id motion can be ' 
imparted to thij# bracket by aii adjastable crank driven 
from a countershaft. 

Machines are *s(fj[ietimes clnsiructed whe^e the 
stroke of the .chisel is governed by a variable eccentric, 
which increases or diminishes the throw in either direc- 
tion ; but, except for very special purposes, these, wing 
to the increased vibration and consequent wear, cannot 
be recommended. 

Having discussed briefly the various forms of mor- 
tising machines with a reciprocating motion, which, by 
the way, must be considered by far the most important 
class, we conclude onr notice with .a few remarks o^ 
rotary machines. The principle of putting mortises 
with a rotary bit or cutter (invented and described by 
Bentham, 1793) has the great advantage of simplicity, 
but has the disadvantage of leaving the ends of the 
niortiso round and not square, as in the reiiprocating 
machines; but when used for chair-maker’s work, 
ix)sts, &c., where a round-headed moi’tise no detri- 
ment, ij^lias many advantages. Amongst others it can 
easily be applied and worked in conjunction w’jth saw 
benches, tenoning, and other machines possessing hori- 
zontal spindles running at a sufiiciently high rate of 
speed. For chair or other work wheipe a large nui^ber 
of dnplicati? j^ieces are required, it is mqph more expe- 
clitious than a machine with a reciprocating motion, 
juid can readily tx' applied to eithe recurved f>r straight 
work. In saw benches and machines with spindles in 
ji fixed j)Osition the w^ood is usually cramped on a 
slide, which receives a. transvt*rse motion from a handT 
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lever. It is fed forward to the mortising auger by a 
hand wheel and screvi^ or. otTber suitable means. This 
slide or table is madf to rise and faft, and is fitted with 
adjustable stops, which accurately gauge the length 
and depth of the mortis. Thjp arrangement is found 
very |erviceablo for inany kindj* of rough mortising, 
such as posts for fencing, hurdles, &c. ^ 

Rotary or, as they ara sometimes called, slot mon* 
tising machines are often used for mortising the heavier 
class of railway-waggon and other work. The wood is 
usually cramped ^rmly on a travelling carriage or bed 
with a self-acting motion. The spindle carrying the 
mortising auger is inoimted in a slide having vertical 
and transverse movements, and is brought to the work 

a lever. The (\epth of the mortis^ is regulated by 
stops on the slide frame, and the length Ijy stops on the 
travelling carriage. 

Some* years back a Mr. Lemmans, an American, 
designed and patented a very complete rotary moitising 
and boring machine, especially adapted for chair work, 
either straight or curved. One ,ond of the spindle car- 
rying the iT^ortising auger moved in a ball-and-socket 
joint, which allowed the spindle to revolve, ^and the 
vibratijig end to be moved in any desired directioi^ By 
meams of a eur<#ed bar upon which the movable end of 
the boring spindle slides, eilloT curved or straight 
mortises could b« produced. When the curved bar is 
placed horizontally, the mortjses are straigjlft, but when 
inclined t<5 the perpendicular t*hey are curved. An ad- 
justable mnk ami connecting rod served to regulate 
the trai-erse of the niortising auger. The table on 
which the wood is cramped is movetl by a Ipver and 
rack and pinion, l>y whioli the depth of the mortise can 
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be regulated ; and tlie table ia %lso raised or lowered 
by a hand wheel and screw, to.suit the different positions 
of the mortises. When a numbeiYof small mortises in 
hard wood are •required, mortisirg machines on the 
rotary principle ^should | be adqpted, as being more ex- 
peditious and easier managerlonfr than the rgcipro- 
cating machines, as iu these comideraT)le inconvenience 
is caused from the bending of narrow chisels, the diffi- 
culty of removing tfie core in deep mortises, &c. , 

A convenient form of machine for this class 0^ work 
is one in which the revolving auger A made to have a 
traversing movement, by means of an adjustable crank, 
the wood being stationary. By this plan no difficulty 
is found in removing the core even from the deepest 
mortises. Arrangements should bemadded to vary the 
speed of the piortising auger, accordhig to the nature 
or quality of the wood being operated on. 

For boring and mortising blind stiles, & q % Messrs. 
J, A. Fay and Co,, of Cincinnati, United States of Ame- 
rica, have introduced an ingenious machine. The stiles 
are mortised or bored in pairs. The boring spindles 
are worked by means of a cam, wliich, after each ope- 
ration i^ completed, returns to its original position, 
reaej^ for tlie next pair of stiles. The depth ^of the 
mortises is regulated by a vei'tical adjustment of. the 
spindles, and the distances between the mortises by a 
rack. to which the spindles are attacli^d. They can be 
cut at an afigle, if desinnl. The .stiles are held hrmly 
whilst being worked, bul are released and fed forward 
as required by ^ self-acting feed, w^ich erittnps them 
again as before. In France the great majority of the 
mortisin^j machines are on the rotary principle; a 
simple hf^llow bit is used, and the round ends of tht^ 
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mortise are afterwardi* sqiiavjd by a double-faced chisel. 
Machines adapted boding only are constructed in 
"endless vanetv, awo^’diug to the niiture ancf quantity 
of the work to be performed. 

The oi>eration of borwig holefe in wopd by incchamcal 
mean^ is doubtless vei^ ancient, hut when the first com- 
Innation that may be dioiiified by the nama of ‘ machine’ 
was first oonstrueted we have no record to show. Sir 
Sanmel Bentham’s uft-quoted patent spt‘cification (1 793) 
contains a long description of tools and appliances for 
boring vfood, inSluding most of the ordinary boring 
tools now nscd. Before the introduction of iron pipes 
for carrying water, wor)den pij>es were used, and these, 
it seems, wen* bored by machinery. Belidor speaks of 
^ niacliine for this, purpose, whenj the tree to be bored 
was securely fix«‘^d on a travelling carriu*^'. A vertical 
shaft, put in motion by a water wheel, is made to give 
rotary motion to a horizontal shaft, carrying at its 
extremity an auger. ^lotion was also given to a drag 
wheel, tin* ro}K3 <ui which was attached t4i tin* travelling 
carriage hearing the tree, so that as the borer « ut its 
way the trawdling carriage was gi*jidually drawn towards 
its work till the hole was cut through. The i^arriage 
was iioyv run back, ami a larger anger introdiiceil till 
the hoio attained the requisite <iianieter. By another 
plan the tree was made to revolve. 

^ Mr. ^lurdo<;k, in 1810, took ont n patent for an 
improved macbiin* lor forming womlen or^^one pipes. 
For boring wood he employed a hollow eyliiuler, fitteil 
at its extKmity Wlh a circular trepanuitig saw. The 
tree- wiis placed vertically alwwe the cylinder to admit 
of the <luHt falling out of^the saw kerf as the operation 
^proceeded. The boring cylinder was given^a rotary 
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motion by means of rope g^r worbed by manual labour, 
and as the saw cut its way th<* entered the hollow 
of the cylinder whole, thus wastiiigrlittle material. 

The general Yorin of machine jit present in use is 
too well knpwn to need biuch description. For special 
purposes, such as bomg dowel ifoleS Jin chair fnames, 
or where a large qu{intity of similar wort has to be* 
performed, especial moans miiSt be adopted. For chair 
work the writer can confidently recommend the foltow- 
ing plan: — In 11 circular frame or puljcy mount liori- 
zontally two or more boring spindles, in arms swinging 
radially from a centre spindle. These arms must be 
capable of being moved round, and axed to any part of 
the circumference of the circular frame, according to 
the distance apaii it is desired to b#re the holes. Im 
sliding table, with vertical and transv^se movements, 
should bo fitted horizontally beneath the boring bits, 
to caiTy the wood. Stops to regulate f lie depths of the 
holes can bo fitted to the table, and the whole, with fast 
and loose pulleys and countershaft, can be mounted on 
a suitable column. Should it be required to bore the 
boles at an upward or downward angle, tlft table cg^n 
be litted^witli si radial adjustment. For general pur- 
pososu'^vlud; is known sis the American screw anger is 
the most expeditious and reliable form of boring bit* to 
use. ' , ' 

Iiii designing mortising and boring ftiachines with a 
reciprocating ^novement it .is important that the main 
column should be of sufficient strength to overcome 
the continuous vibration of the chisek The bpllow or 
‘cored* pattern column, with an .extended brfise, *is 
undoubte^Jly the most .satisfi^ctory form. We need ^ 
hardly add that the workmanship must .necessarily be 
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of the very beat, thU applying more especially to the 
machines constructec*! with a graduated stroke, whose 
reciprocating paits^ should combine, in the greatest 
possible degree, lightness and strength. In the gi’a- 
dnating movement each part ihould Jbe bored, turned, 
and compensated, or x^his form of machine will be found 
.to deteriorate rapidly. 



CHAPTER XVIII. 

TEN*ONING MACHINES. 

Moetisinq and tenoning are so inseparably connected, 
as being together in fact the principal joint used in 
wood-working, that, following morusing, we natni’ally 
discuss tenoning machines. The invention of a system 
or machine for cutting tenons otherwise than by hand 
labour is generalfy attributed, and we believe correctly, 
1o Sir Sainiiel*Bentham, in 1793 ; at any rate, there is 
no doubt that he was the inventor of the prhiciple of 
rotary cutters for working wood, and that about this 
time machines for forming tt^nons were made and sup- 
plied to the Government of this counti'y. There is not, 
however, as' far as we are aware, any r(yord of the 
system pursued, or whether the tenons were foriAed 
with saws or cutters. Tenons were forme ily cut by 
haiicT, with what is known as a tenon §aw ; a plan of 
cutting them with an arrangement of reciprocating 
chisels seems to have been tried also, and abandoned, 
as slow and uncertain. The machines ^at preseuf in 
use maybe divided intb three classes, as follows: — 
(1) Machines which form the teijons wi^i cutters 
running parallel or vertical, and. working across pr with 
the grain of the wood. (2) Machines which form the 
tenons l*y an arrangement of saws. (’)) Machines in* 
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which file wood to tenoned is held vertically, and 
passed between circular cutler discs or saws. These 
three principles are,jhowever, often combinea or modi- 
fiedj to suit special requirements. 

Class No. 1, with ^ cutters; working parallel and 
across the grain cf tiie >voocl, is the most simple and 
generally adopted system for all ordinary classes of 
work. Ill these machines two or more cutter-block 
spindles, revolving at a high speed, are mounted in 
sliding brackei*^, having vertical screw adjustments, 
which can be worked either indejiendently or simulta- 
neously, upon the face of an upright column.. Some- 
times the upper cutter-block spindle is furnislied with 
a latenxl movement in addition, to enable il to cut one 
shoulder of a tenon longer than the other, if wished. 
The wood to be tenoned is cramped on a Intvelling 
table having a transvtu'se movement, but working 
parallel lO the centre of rotation of tlic enttor blocks. 
This travelling table is iisutilly mounted t)n friction 
pulleys, running in V-shaped guides, and, ox^opt in the 
heaviest machines, which arc fitted with a self-acting 
motion, is h'avcrsed to and fro by band. The adze 
irohs or mitters are Hat, and ur«* arranged at an angle 
on the blocks which givt's a kind of shearing cut;, teg- 
menta of saws , or lancets are fitted at right angles to 
the block, for cutting the shoulders of the tenon. For 
cutting double tenons a vertical spimllc, fitted with a 
‘ drunken ’ 8a\j or cutter disc, i.s provided • ibr sca'ibin^ 
the shouhlers, in lieu of the saw, a suitable cutter 
disc or blijck is sujistituted. The cutter-block spindles 
arc driven by an ‘ iu-aiid-ont ’belt, wliioh passes over 
an idle tightening pulley, which can be adjusted to any 
rcqnireil degree C)f tension by means of a pulley and 
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(veigbted rope or hanfl wheel aiid^sorew, thus securing ' 
i constant and uniform grip of Jx*lt. 

For thfl heaviest* class of wort ,^^ueh as is used in 
the constructioi* of railway '\aggoiis, &c., which is 
Boinetiines too heavy t(j| be triyrersed retidily i^ast the 
cutter blocks, a plan often pursuJil i» to mount on a 
vertical spindj^ three movable cutter blocks, whicti can, 
bo adjusted to cut single or tVnblc tenons of any size. 
This cutter spindle if; mounted on a travelling carriage, 
and is made to traverse past the end of the timber, 
to be tenoned, wliicli is earned on if suitable table, 
attached to the main frame of the machine. The 
timber, wlien under the action of the cutters, is crampe d 
tightly against a fence, wdiich is arranged to cant for 
cxitting diagonal tenons. 

After lian^ labour tin' first mecuanicai meiiiou 
adopted in forming tenons was by an arrangement of 
circular saws, working at right angles to one •another 
(Class 2), those running psirallol to the grain of the 
wood cutting the sides, and !hose at right lugles the 
shoulders, of the tenon. The two saws cutting tlie 
sides of tlie* tenon are of the same disitneter and 
monniet^on the sjiiue spindle, a collar being plac'ed 
bet^eu them to regulate tiie thickness of the tenon ; 
the saws forming the shoulders are mounted on seiKimte 
spindles, running at, right angles to the abov(‘. This 
inethvd of cutting tenons lias, bowevei^ almost entirely 
given way* iiT favour of thc^rotary-cutter gystem, which 
jfr odiices a higher cla«s* of work at a grt'afer speed, 
and is much ea.si?r of adjn.stnient foi^ special ;i>uri>oses. 
For cutting simple tenons on a rwing spindle 8aw»beuclj 
it is, however, of value, and^some French ongineen 
evbu now construct machines on this system ; hut foi 
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what reason this conservatism ekists we are at a loss 
to see. For cutting r^ound or oval tenons, such os are 
used for the spokes of wheels, blind slats, &c.*, the plan 
adopted in America is to carry the cutter head round 
the piece to be tenoned, ^or to make it^ rotate against a 
revolving cutter-blocb. Tenoning machines, working 
with rotary -jutters, similar to those no\y in use, were 
tirst made in America — ati any rate, in any numbers — 
by tl^e late Mr, J. A. Fay — originator of the well-known 
tirm of that name now trading at Cincinnati, U.S.A. — 
in the year 1840, or thereabouts. The framings of 
these machines were of wood ; they were well designed 
and constructed, had most of the adjustments as now 
in use, and are reported to have turned out a large 
amount of excellent work ; in fact, it, may be said that 
of all the wood-working machines these, since their 
tirst introductkni, have received less alb\^dion in their 
general design and functions than any other. Of course 
varums minor modifications and iminovements have 
l>een introduced from time to tiim*, as experience or 
necessity has dictated ; but the inventor or designer of 
a machine imjiortaut an operation in wood-wurk- 

iiii} as tenoning, that has .sbx>d the test of a long 
series of years without any im[)ortant alterativm,^oui8t 
Ikiv<,‘ ix?eu a myn of no mean talent, especially w’hen we 
consider the many thousands of ujachines that lum* 
during these years been constructed on this principle. 

One of tbpse wooden-framed machines' was sho^n 
in London, at our International Exhibition of 1851 
it was copied by several English fir ins, and baa been 
manufactured extensively ever since. 

In onr International Exhibition of 18t)2 seveml 
•tenoning machines wore exhibited, but none possessing 
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any special feature novelty. N heavy tenoning ma- 
chine shown by Powis, Janies, Co., London, was 
fitted with a self-a«tiiig table, whiclj, after the tenon 
was formed, was^, by means a clutch coupling, re- 
versed at double speedy In the machine exhibited by 
Robinson ahd Sen, of Rochdale, th|* cutters were twisted 
obliquely, and so screwed to the block* 

MM. Benner and Arbey, 5^***^^* showed a machine 
‘in which the cutters revolved at right angles to^the 
wood, and with the grain — the reverse of the general 
English method, which works across tlss grain. 

About tjie year 1866 Powis, James, and Co., 
of London, introduced an improved tenoning and 
cross-cutting machine, especially adapted for cutting 
single or double tenons on the diagonals, sides, and 
bearers of railway waggons, and similar work. The 
table earrying*tlie timber had a self-Ti.cting traverse 
motion, and was constructed to carry four waggon sole- 
plates at once. It was also arranged with a circular 
swivelling motion, so that when the one end of the 
timber had passed through the cutters, the table was 
swivelled round, and the other end subjeqjted to the 
same operation on its return motion. A circular cros'?^- 
cutting sllw was mounted on a slide, fitted to a seijarate 
coluiffii on the bed plate of the machine. ^This saw was 
arranged to cross-cut the pieces of timber being te- 
noned, thus bringing them all to one npiform length. 

A* few ygars since C. B. Rogers and Co., of Nor- 
wich, TJ.S, A., patented sotne improvements in ienoniug 
machines, consisting chiefly of a noT<^ form qf adjust- 
ing screws for regulating the qutter blocks an^ the 
thickness of the tenon. This screw is made hollow, 
and worked through a lock niif at the top of the main 
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colunm ; it is attached to the tep cutter-block sliding 
■ brackets, and is operated hy a hand wheel. Inside the 
hollow screw is Jiked another small screw^ which is 
worked by a crank taiidle above the hpnd wheel before 
spoken of; this smaller scre\v passes through a lock 
nut in the botioiu qr.itter-block ^bracket. 'Ey moving 
the crank handle the lower cutfcr block is moved, and 
the space between the yocks is adjust*ed to suit the 
thic^cness of tenon; the bottom lock-nut now fastens* 
it in*position. By moving the hand wheel and hollow 
screw, both cutter blocks are moved at once, and can bo 
adjusted to any desired height above the table carrying 
the wood ; they are then fixed firmly in their position 
by means of the top lock-nut. If the two lock nuts 
are slackened, and the hand wheel turned, the upper 
cutter-block alone moves. The vertical scribing-spindle 
block, or ‘ cope^head,’ as it is called in America, moves 
with th« horizontal cutter-blocks ; but it can be ad- 
justed sepaiiitcly, it’ desired. The upper cutter- block 
slide has lateral adjustment for tenons with varying 
shoulders, and a pulley and weight are arranged to 
take up automatically the slack of the driving belt. 
Ah apparatus for setting the knives is also provided, ' 
and altogether this machine is of an advan'ced type, 
and has mucH to commend it in its general detaus^ and 
convenience for working and adjusting. 

Amongst thg tenoning machines adapted for special 
purposes ma^^ be mentioned the American blind slat 
machine,* patented by a Mr.* Bllis. It is constructed to 
cut the (Jylindritjil tenons and shoulders on both ends 
of a blind slat at tin; same time. Two sets of small 
circular saw.s are* mounted on spindles ninning in 
brackets, each liaving ‘lateral adjustment. Fitted to 
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these brackets are two revolving^ disc guides, slotted 
through their sides to receive ^thi# blhid slats and feed 
them to the saws.* The slat bj • made to revolve, 
the periphery of* the saw always cuts from the edge of 
the slat to the centre, thus fornjing a cylindrical tenon. 
It is adjustable to difl^rent lengtlA ami widths of^slats, 
and the size of the tenon can be also varied. The slats, 
are fed by hand. For the Siwne purpose Messrs. J. A. 
Fay and Cu., of Ctnciiinati, make a very complete 
machine, with a self-acting feed ; it is a combination 
of the patents of Ellis and Bickford. * By an arrange- 
ment of the saws, two tenons are cut and divided at 
one operation. A pressure on a treadle causes the slat — 
which is fed end-ways through rotating discs or chucks 
— to revolve, and tcarries it to the ^ws ; by releasing 
the treadle, thf slat is stopped and fed^to a gauge, and 
the driving belt is slackened, so as to slip and not drive. 
The plan of cutting tenons with circular saws or discs 
is generally con lined in this country to circular saw 
benches, or the class of combination machines known 
as general joiners. 

In designing tenoning machines with roJ^ary cutters, 
care shcjiiild be taken that the main column is of su*ffi- 
eie^. strength to overcome the vibration of the ^cutter 
blocks ; a hollow or cored pattern is the best form. 
The table carrying the wood should also be cast in one 
pieoe^ and both column and table fixed securely to a 
strong founfl;*tion-plate. 3?ho cutter blq^'ks and bear- 
mgs should have lateral and vertical adjustm'ent ; they 
can be fixed in dbvetail slides, and a<|justed Uiterally by 
a hand wheel and screw' ; these^slides should be scaled, 
so that sjioulders of unequal length can be cut to any 
desired gauge. The adze blocks should never be shifted ’ 
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Ml their spindles to effect this object, as the practice is 
l)oth dangerous and uncertain. Cke scribing spindles 
Ebr cutting double tenons, &c., sho'Jd'have both lateral 
a,nd vertical adjifstment. The cutters used should be 
[)f thin section, aj^d fixed at an ^cute angle. We have 
Found cutters with a s^eel face aSd A^^ought-iron.back 
hhe most suitable, and less liable to accident. The* 
[carriage carrying the wood, which is traversed by hand, 
should be very light, and run on grooved rollers work- 
ing on V-shaped guides. It should be fitted with a 
straight fence bar, and a quadrant for bevelled shoulders, 
both accurately scfiled. A sliding stop for setting out 
lengths should also be provided, with a suitable cramp, 
fitted with a quick-threaded screw for holding down the 
wood. As the ciitter-block spindles .and bearings ara 
made movable, complete and uniform gp'ip of the inter- 
laced driving-belt must be secured ; a grooved pulley, 
with rope and weight, as it works automatically, is per- 
haps the most convenient and simple arrangement, and 
is generally to be found on the most advanced type ot‘ 
American machines; on these machines, too, an appa- 
ratus is provided for setting the knives. The driving 
pulleys jgid belt should be made wider than is the prac- 
tice.^'u most machinos, as tue cut taken is considerable. 
Wo have found the belts known as ‘ Helvetia leather * 
are the best for this purpose, as they are tanned some- 
what trough on the surface, are vory pliable, and gwp 
the face of iTit pulleys well. The spindlet should bo of 
steel, the bearings adjustable, and made of a liard gun- 
metal or phosphoi bronze, and care slonld bt^j^ken as 
to their lubrication. 

Fig. ^6 illustrates a builder’s tenoning machine by 
J. Sagar and Co., Tlmitod, adapted for tenoning, cross- 
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cutting, grooving, It will' make single, double, 
unequal or angle tonjous^ and scribo the shoulders at 
the same operation^ For cross-cufting a circular saw 
is mounted on the top cutter spindle and the sliding 
table used in the usual^way. AVhen used for grooving, 
a solid or expanding* grooving block is substituted for 
, the saw. 

The, main frame of the (machine is of solid construction 
to secure rigidity in working, and the cutter spindles are 
arranged to run in three sets of phosphor bronze bearings. 
In contra distinJtion to the usual practice, the traversing 
table carrying the wood is of heavy construction— instead 
of light— and is fitted with roller bearings to reduce the 
friction. 

The tenon cutter blocks carry fq^ir straight knives 
which are arranged to make a shearing ^cut and are so 
fixed on opposite sides of the block so as to divide the 

cut • 



CHAPTEI?^ XIX. 

‘GVJNKllAL joiners’ AND COMBINATION MACUINMB. 

The combining of the functions of several machines 
into one, undei' the title of ‘ general or universal 
joiners,’ is of comparatively modem origin, and is more 
or less confined to this country, as we find very few 
machines of thisoClass in use in Apierica or on the 
(Joiitineiit, although it is doubtless preferable, where 
the machines can be fully and constantly employed, 
that they should be s(^:»arate and distinct; 1)ut ivi a 
large numbei* of the building establishments in this 
country are not of sufficitiit extent to so profitably 
employ them, a well-designed combined machine, per- 
forming ii considerable range of wtn-k, and ^n’oduced in 
the first instance at a moderate cost, cannot but be of 
congiderable value. On the first introduction of ‘ g;:neral 
joiners ’ they were very generally condemned, it being 
held that it was impossible to combine satisfactorily in 
one n^achine so great a range (}f work. 'Biiis idea has ngw, 
however, be^i^ sufficaently disproved, altl^ough a large 
ihimber of engineering abortions tended for some time to 
throw discredit ofi these very useful ttuichinei^ we re- 
member one production especially, made some years back 
by a firm^of repute. Tn this combination no less than 
five distinct machines were crowded together on one bod 
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plate. As these necessarily mn at short centres, were 
inconvenient to wosh, and" cost nearly as much as 
separate machines* v, e can hardly se6 what caif bo urged 
in their favour. We need hardly remark that very few, 
if any, were nmde after the first one. We believe the 
first ‘general joiner’ (;as designe/i by a Mr. Whines, in 
the year 1858, and was made by the fi^m of Samuel 
Worssam and Co., of Lendon, who exhibited one of 
them in the International Exhibition of 1862 ; it has, 
however, since then been much improved by various 
makers, and the'* range of its work extended. About 
this date also a Mr. Sketchley, of Weymouth, designed 
a light machine of a similar class, but they were not 
made in any great numbers. Mr. Thomas Ladyman, 
of Rochdale, a few years since patented a compact little 
machine, fitted to a ‘cored’ pattern framing. Two 
tables are arranged to rise and fall independently, the 
one being adapted for moulding and sawing, and th(^ 
other for boring and slot-mortising. The saw table is 
aiTanged with a false top and stop piece for cross-' 
cutting and for boring endways. A slide is also fitted 
for turning circular mouldings, as in a lathe. The 
machine has four speeds, ranging from 488 to 2,250 
revolutions per minute, according to tlie work to be 
performed. Iji the year 1867 Mr. S. Worssam, of 
London, patented jfn improved general joiner. The 
improvements cgnsisted, firstly, in the application to 
such machine^ of an apparatus whereby tenons may be 
completely cut in one traverse ‘of the wood, and also thh 
applicatio^i to su^h machines of an arrangement for 
producing larger and more perfect mouldings, and an 
improved arrangement for squaring out the end of 
mortises left of semicircular form. This machme, with 
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its various appliances; is capable performing nearly 
the whole of the operation^ requ^*ed in a joiner’s shop, 
including •sawing, pinning, mAuldin^^, tenoning, mortis- 
ing, boring, mitring, cluimfering,* beading, rebating, 
grooving, tongning, &c.^ All these operations are per- 
formed incfependently«^of each citlier, in conjunction. 
The planing ^and moulding are perft)rmQd by f-otary 
cutters, a self-acting roller rjfeed carrying the woo(f 
beneath the cutters^ The speed of this feed can be 
gi’aduated to suit the nature of the wood b(nng opej’ated 
on. Tenons are formed either with fjircular saws or 
rotary cutters, as may be desired. The wood is held in 
a vertical position by a suitable cramp. The mortising 
is performed by a rotary auger, the wood being traversed 
up to it by a hau^ lever ; the lengths and depths of the 
mortise are regulated by stops. CuiTcd mouldings aTc 
worked on a separate vertical spindl?. A traversing 
plate for eross-eutti ug, squaring, mitring, Ac.f is fitted 
to the saw table, and altogetlun- this machine must be 
pronouiicod ono of the most (•(ficieiit of its ciass. 

Eig. 26 illustrates a combination machine f)r com- 
plete joiner 'by A. Kansome and Oo. Tamil ed, and is 
designed for use in establivshments where there -is 
insufiici''nt work for separate machines. It is adapted 
for sawing, planing, moulding, circujar moulding, 
grooving, tenoning, mortising, boring, and dove-tailing. 

The saw table is arranged to rise and fall for grooving, 
rebating, il^oi,^and is fitted with an angling fence wITich 
Can be turne(l over out o^thc way for cruss-cutting. 

The planing Jind moulding apparaj^iis can ho worked 
separately. Tlu'. top and bottejn cuttcr-bloi*^ spindles 
arc supported by l)oarings on each Side and the wood is 
fed throiTgli the machine by a pair of driven feed rollers • 
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the top feed roller is arranged te rise and fall to suit 
irregularities in the wjod. "She bottom cutter block for 
planing is mounted pn a Aioval)le sl/de to peivnit of the 
easy adjustment of cfitters. 

Tenons are formed by meang of cutters, and double 
tenons can be worJ;ed,ahd the shpuldeVs scrfbcd at one 
operation by^cutter discs mountecf on one of the vertical 
cutter spindles. Boring ^and slot mortising are per- 
formed by means of augers screwed, into the end of the 
planlpg block spindles. 

Amongst coiebination machines, although differing 
essentially froni the English general joiners, must be 
mentioned the American machine known as Climer 
and Riley’s patent universal wood-worker. Tt par- 
takes ehiefiy of the character of an outside cutter, 
ufoulding and planing machine, with extended spindles 
and cutter blocks', with two tables arranged with vt‘rti(.*al 
and latei;al adjustments on either side of the machine. 
The frame of the machine is cast in one piece, and tlio 
main cutter-block sjniidle ir fitted with outside movable 
self-oiling bearings, and divided in the centre so that by 
means of a double friction pulley on the countershaft which 
earnes two belts the ends of the spindle may be started or 
stopped separately or simultaneously, as may be rOquired. 
The mftchine is arranged to operate on four sides ('f the 
wood at once, and the vertical side-spindles have vertical 
and lateral adjustments. Tlie top cutter-block is ar- 
ranged to bo set to different angles, and all cptter blocks 
are made ^mo^^able, and can 'be replaced by tenoning^ 

or other 

, . ^ lipping 

or cross-cutting saw can also be substituted for the 
,cutter block, which, with the aid of an adjustable fence, 
converts the one side of the macliiiio into a saw bench 


rebating, panel-raising, matching, grooving, 
irons, acoAdin<r to^the work to be performed. 
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It is also arra-nged for boring and slot- mortising, wave 
and circular moulding. Tiie wh^e of these operations 
can be p^rformedV by one ^lorizqn^al spindle, with 
different arrangement of tables, oufter blocks, or fences, 
according to the work tj be carried out. 

In designing \ general joiner ^r other combination 
machine, the great point to aim at is simplicity bf the . 
mechanical arrangements, combined with ready adapta- 
bility to the variousi work to be performed, the whole 
being under the easy control of the op‘erator. Mistakes 
have often been made in constracting tlfe general details 
of too complicated a character, so that even when 
efficiency of production is attained it is more or less 
neutralised by the first cost, cost of working, keeping 
in repair, and the amount of skill required to operate. 
Some designers afso strive to give their productions t5o 
wide a field of bperation, losing sight oT the fact that a 
moderate range of work, rapidly and accurately per- 
formed, must be held to be in every wa^ better, and 
commercially more economioal, than a greater variety 
of work indifterently turned out. By some engineers 
various appliances for joinery purposes liave^been added 
to the ordinary rising- spindle circular- saw bench. The 
planing % generally performed by means of a cast-iron 
disc7 fitted with suitable cutters, which project slightly 
beyond the face of the disc. This disc takes the place 
of the circular saw, and the wood is fed by hand between 
its face and^t^at of the fence plate. For squaring^up 
and rough planing, this -plan may bo oT some value, 
but for a finer cliws of work it cannot^be recommended. 
Considerable skill and care is aljo necessary nf operat- 
ing, as the cutters require to be very finely sharpened and 
adjusted, •or the work turned hut is of a very inferior « 
quality. 
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CHAPTER XX. 

i* 

BOVK-TAILING MACHINES. 

The iiupurtaiit operation in joinery known as * dove-tail 
jointing ’ has for many years afforded ample scope for 
iiiventive genius. Numerous attempts to perform this 
operation by mechanical means have been made, but, 
with one or two exceptions, with scanty success. Dove- 
tailing witli conical cutters was invented by Sir Samuel 
Bentham in Since that time numbers of ma- 

chines have been introduced, but most of them have 
failed, either from inequality of wear in the cutters pro- 
ducing misHts in the wooden joint, from complexity 
of the details of the machine, difficulty of adjustment, 
or roughness of the work turned out. 

About the year 1850 a Mr. Wimshurst took out a 
patent for dove-tailing with a series of cutters, tne wood 
being brought up to the cutters from below. About the 
same time, too, a Mr. Burley took out a patent for a 
machine for cutting dove-tails by means of a series of 
reciprocating chisels, the wood being fiy^ed on an ad- 
justable bed, which could be inclined in either directioiu 
The dove-tail ‘ pii\’ was formed in two^cuts, the adjust- 
able bed’being inclined in the opposite direction after 
each cut was made. The ‘ dove-tails ’ were formed by 
a series of saws of varying diameters, the smaller saws 
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being placed at cither end and evolving on the same 
axis; two tables, set at all uugie.to, each other and 
below the •saws, carried the ilood.^* t'hese tables were 
arranged with a vertical motion, and the wood was 
brought up^to thg saws, which made an oblique cut ; the 
wood was then placdid on the opposite table,* and a 
second oblique cut completed the ‘ dove-tail,’ the deptl^ 
of which was regulated by stops. 

The ‘'Armstrong^’ dove-tailer, originally introdjiced 
into this country from America by Thomas Eobinson and 
Son, limited, has never yet been surpassed for its exact 
work and high output. It is specially useful for all kinds 
of 1k)X making. See fig. 27. 

The machine is semi-automatic, and very simple to 
operate. Tlie en^y e dove-tail is sawn out by the machine, 
and forms a von' close and strong joint when put together. 
The tim)»or is cramped on a planed table, which is 
traversed to and fro past the saws by meaiYfe of two 
screws, one of which moves the table forward, the other 
returning it at an aeceleraieli speed. Both motions are 
controlled by a conveniently placed hand lever. 

The tabfe on uhich the timber is ^cramped i^ 
adjustalde for varying thicknesse.s of timber. The sa^s 
which cat out the dove-tails are mounted ou discs, geared 
together at an angle; these can be vuru?d for cutting 
either the mortise or tenon dove-Tail. The discs are 
gradiiated with figures, so that the position of the saws 
vMix he adj^.'^d foi cutting tight or sbjck duve-tails. 
Boards from J iiudi to l^*iiiches tlih'k can be dove-tailed 
on each size of tbft machine. The staiwiard machine cuts 
dove-tails 1 inch pitch, hut machines with other sizes and 
pitches are occasioiifflly made. 

Various single or multiple* spindlc-cuttor automatic 



1 88 WOOD^WORKING MACHINERY, 

dovetailing mad lines for cutting open or Idind dovetails 
have also been introdm^ed. 

Some fourteen yt^ars dnce Messrs. Greenwood and 
Bailey, of I^eeds, introduced a dove-tailing machine of 
American origin, which was arranged to work either by 
hand or steam power. The dove-tails were formed by a 
series of cuttei’s or gouges, acting consejutively, each 
taking a small cut ; these cutters were held in stocks, 
and'were mounted in a movable slide, and traversed to 
the wood by a rack and pinion ; no less than fourteen 
cutters were employed in this machine to make a perfect 
dove-tail. 

In the Paris International Exhibition in 1867 M. 
Zimmermann, of Chemnitz, showed a dove-tailing ma- 
chine consisting of three horizonhil adjustable spindles 
mounted with cutters suitable to the dove-tail required. 
The wood was fixed in a vertical slide, and the counter- 
part cut by uiejins of plain revolving discs, the table 
being arranged to angle in either direction to produce 
on the wood the proper degree of bevel. 

In the year 1872 Mr. Tigho Hamilton, of Dublin, 
patented a •series of improvements in inaohinery for 
cutting dove- tails. We illustrate in figs. 28 'ind 29 
machines of recent construction. 

These improvements, or we might more properly 
say inventions, possess vei’y considerable originality of 
ideas. The dove tails and pins are cut by means of the 
l^eculiar motiqn imparted to an ordinary circular saw. 
The saw is mounted on a spindle, ^lart of which is bent 
at a such 0- degreo of obliquity to its central line as is 
necessary to produce th ? angle of the dove-tails. This 
spindle is free to reciprocate as it rotates, and , the saw 
swings to and fro in planes passing through a vertical 
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diameter for cutting the tails, or|through a horizontal 
diameter for cutting the phis. iWiy sized dove-tails can 
be cut, th4s being efectcd byictnisi®^ the plaiieg of the 
saw to intersect Jn other lines those that pass through 
the centre^ of tl^ spindle. Fig. 29 represents a front 
view of the machine, vn whioh *th% traverse of tfie head 
which carries^the saw is horizontal, \?hilst. that of tlie 
table which carries the boawls is vertical. In fig. 28 
these motions are reversed, that of the head bein» 
vertical and the table horizontal. The plane of the 
saw is kept in any desired position ^by means of an 
adjustable guide plate. The machines under notice 
are constructed on truly scientific principles, are easy 
of management, and possess less of complication ihan 
others of the saijie class, and, from their readiness of 
adaptation to varying sizes, spaces, and thicknesses* of 
dove-tails, should be of especial value in cabinet work, 
in which the changes are often numerous. 

Amongst numerous other machines designed to cut 
‘ dove-tails ’ by means of cdnical cutters may be men- 
tioned one designed by Mr. Ramsbottoin, late of Crewe. 
In this machine the cutter spindle is ai;j;auged to re- 
volve ii^ a long cast-iron socket. This socket works^in 
a slide fitted to a circular plate, attached to the main 
frame of the machine. The circular pl^te is arranged 
so as to be at right angles to ihc table while cutting 
the dove-tail, and can be set to any ^lesired angle for 
cutting th(/^ins. The cutter slide is Jirought to its 
work by a counterbalaifced treadle, and b\^ means of 
change wheels dove-tails of varioujf sizes ^n be cut. 
Some years back a !Mr. Evart •patented in iTmcrica a 
conical cutter machine carrying a number of cutter 
Bpindles*driven by an interlaced belt. These spindles* 
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were mounted in a fr^me having ' vertical and diagonal 
movements, and were » brought down to the work by a 
hand lever. Th^ great objection to this and other 
conical cutter machines, especially when carrying a 
number of spindles, is the extreme difipculty of keeping 
the various cutters to biie size, which, in actual practice, 
Js found to be almost an impossibility, tl>.* result being 
that the pins and dove-hJls produced are misfits. A 
macjiino, however, exhibited by Messrs. J. A. Fay and 
Co., of Cincinnati, U.S.A., at the Paris Exhibition, 
1878, claims to have got over this difficulty. It was 
patented by a Mr. Stengel early in 1878 ; it is simple 
in its construction, and will cut a dove-tail in any kind 
of wood up to 1}: inch by 14 inches wide, cutting both 
side and front at the same time. The cutter- spindle 
frames are stationary; the spindles revolve at high 
speeds, and can bo adjusted laterally, to suit the depth 
of cut. The cutters are simple, are turned in a lathe, 
and always sharpened from the centre. Provision is 
also made for adjusting tnem, to compensate for any 
inequality of wear. A countershaft, fitted with cone 
pulleys fixed underneath the machine, drives the cutter 
spindles. The wood is fixed on a vtudical and hori- 
zontal plate, and held fiist by camb rollers. The ‘pin * 
is cut on the horizontal table, and the ‘ dove-tail * on the 
^Vtical table. A liiind lever moved up and down per- 
form.s the operation, a slide moving forward at each 
alternate motion of the Iov^t. The gukcs are so con- 
structed that after being staried it cannot be moved 
backward^ at all,*nwr forward more than the distance 
arrangecl. If this mr.chino proves itself capable of 
standing constant and’ heavy work, it is a tool that is 
much needed bj cabinetmakers and others who reqnire a 
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machine that is inod^ato in fir5g[/cost and easily ad- 
justable to cut dove- tails <ff varying sizes and pitches. 
In 1873 Hr, Thonfas Hall, df ISiwi/ampton, U.S.A., 
patented an nnjg:oved dove-tnil joint, with machinery 
for making the s|iine. Jn 1867 a Mr. Ganz patented 
an improvfd mothod%of dove-TaftingL The invention 
consists ill (^lerating simultaneously upon the two, 
boards to be dove-tailed together, and in producing 
the ‘ pin ’ and ‘ dove-itail ’ by the same action of on^ set 
of cutters. Tn tliis machine two discs, fitted with plain 
cutters, are mounted on separate spindles, but are 
geared together by bevel wheels, so as to revolve in 
two planes of the same angle as the dove-tails intended 
to bo cut. The wood is placed on a travelling slide, 
working on a horijpontal bed. 
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CHAPTER XXL 

VENEER-OUTTINQ MAiOHlNES. 

As the supply *of valuable timber becomes more and 
more exhausted so will the practice of covering the face 
of common wood with an ornamental veneer of other 
woods increase. The niuchines for cutting veneers may 
be divided into two classes — sawing and slicing. Sawing 
veneers has the advantage of preserving intact the 
grain and colour of the wood, but it has the disad- 
vantaga of cutting a considerable amount of timber to 
waste. The slicing process, however, is perhaps more 
generally in use. The wood to be cut is first steamed 
and then cramped in a frame, and operated on by a 
knife with a horizontal reciprocating motion, running 
(5l3liquely across -the wood.* Before the introduction of 
a machine for the purpose, veneers were cut oy hand, 
the wood being secured in a screw press arranged for 
that purpose. 

Bentham, in his patent of 1793, claims the cutting 
ot thin veneers or scales by means of from blocks 
of wood^ previously 8teamfed> and fully describes the 
process m his specification. In the .commencement of 
this cehfury Brunei took out a patent (1805) for a 

• The steaming procets, liowever, damages consideralJy the colour 
of some woods, and allnws th^ glue to penetrate. 
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circular saw tor cuttiug veileersj| and since that date 
considerable attention has •been |iyeri by engineers to 
the subject. 

^ For cuttiug veneers Brunei employed a large cir- 
cular saw, built IP in segments and screwed on to a 
turned disc or flange*! the hole9 thi^ugh which the 
scrc^ws passcd%vere made oblong, to admit of adjustment. . 
When the .segments were fastened to the disc, .a layer 
of leather or paper was placed on the top of them, ^ver 
which another disc was fitted, and the whole screwed 
up tight with bolts and nuts. Those saws are so ar- 
ranged that the bottom of their periphery is below the 
lower edge of the timber to be cut, which is fed forward 
by a rack movement. 

Veneers seem ^o have been sliced by machinery in 
Russia some fifty years or more baejf, as Mr. Peter 
Barlow, in his treatise on ‘ Manufactures and Machinery 
in Great Britain,’ 1836, mentions a process fo’^ cutting 
veneers with a knife as follows : — 

The operation is begun 15y placing the timber from 
which the leaf is to be cut upon a square axle, when it 
is revolved and made circular by a turner’^ gouge. The, 
blade of a plane of higlily tempered ’steel, and rather 
longer than the cylinder, is fixed at the extremity of a 
frame of 6 or 7 feet in length, in such a •manner as to 
exert a constant pressure upon thft cylinder, and pare 
oft* a^sheet of an equal thiclmess, which folds upon 
another cyliti?er like a roll of linen, yhe frame to 
which the blade is attached is movable at its*lower ex- 
tremity, and as if is charged it depresses in ]^*oportion 
as the mass diminishes in substance. Thac this de- 
pression may be progressive and perfectly regular, the 
inventor 6as appended a regulator to the machine, con- 
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sisting of a flat bi-a^s plate, preserved in an inclined 
direction, upon whicn the irame descends as the regn- 
lator itself is ad< a:iced. The motion is con*mnnicated 
to the cylinder by several cog wheels, which are turned 
by a crank. r 

In the year * 381 Mr. Alexander Craig, of St. Ber- 
nards, Midlothian, took out a patent fc. ‘ certain im- 
provements in machinery for cutting timber into veneers 
or other useful forms.* In one of these improvements 
Mr. Craig employed a circular saw, the operation of 
which is described by Hebert as follows : — The saw is 
made to traverse the whole length of the veneer to be 
cut, while it revolves on its axis in the usual way. It 
is made to traverse by means of a cmnk having a radius 
equal to half the length of the inte»vided vcmeer, and a 
connecting rod pf length sufficient to prevent too much 
obliquity of motion by carrying the band round a pul- 
ley stationed at a small distance, beyond the greatest 
distance of the saw from its driving drum. Though we 
have mentioned but one saw, there are a series of them 
attached to the saw frame, and put in motion by the 
.same band,<jvhich is pressed down by an adjusting pul- 
ley between each pair of saws, that it may turn them 
with more certainty, by embracing a larger poHion of 
the circumfe'’em‘e of the riggers fixed on their axes. 
The log of wood from which ‘the veneer is to be cut is 
suspended between centres similar to those of a turning 
lathe, so thj^ it may be cut into one conJnuous veneer. 
It is evident that to produce an uniform motion in that 
part of log ii? contact with the saws is necessary to 
its perfect action ; and this the patentee has effected in 
a veiy ingenious manner. He puts into slow motion, 
by a species of gearing known by the name of the end- 
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less screw, a shaft liaving on its ^xtremity a metallic 
cylinder, with a surface roughed iii a* manner similar to 
the surface*of a rasp ; and this* cyliyd^r, being pressed 
agaii^st the circumference of the log, will cause it to 
revolve at the satie spe(*d, whatever be its diameter. 
The specification is cd'icluded %^a v^ioscription of an 
arrangement which the saws are made to*cut beyoui 
their centres in a stationary lo^. 

This is efibcted b/attaching them on axes whicl^do 
not project beyond the surfaces next tlje log. To the 
frame carrying these saws a descending^ as well as an 
alternating motion is given ; and the veneer being, by 
a guide plate, made to fold back under the saws, it is 
clear that they will with facility cut to any required 
depth, without rel<?rence to their dian^eters. 

About the year 1847 very consid^t’able improve- 
ments in the method of cutting and laying veneers were 
introduced in America by Belter, a German cabinet- 
maker, whereby the variety and beauty of the work was 
much enhanced. Some years later a patent was ob- 
tained in this country by a Mr. Meadows for an im- 
proved method of bending veneers around sJjarp angles^ 
such as those in mouldings. 

Some few years since Mr. L. E. Hawes, of the United 
States, patented several improvements in ifiacliinery for 
veneer-cutting. The knife wliich cuts the veneer, con- 
trary to the general practice, is made* stationary, aijid 
the wood Clamped in a sliding frame, which is arranged 
with a vertical reciprocating motion, oscillating slightly 
longitudinally at the same time, whicli is fornlB to give 
a cleanness to the cut. A venoef is, cut at each down- 
ward stroke of the kVife, which is then drawn clear of 
the wood during its upward stroke, whenjt resumes its 
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original position fonj-anotlier cut. All tKese motions 
are self-acting, and it is calculated to cut from 40 to 
60 square feet per minule in almost any kiiid of wood 
usually employed for veneering. Seme users prefer 
veneers cut round the annular growtf rings of the tim- 
ber instead of ac:<oss/ In this case the wood is steamed 
in the usual way, and made to revolve between centres : 
an extremely sharp knif^ is brought to bear on its face, 
thus obtaining wide and uniforni veneers from small 
timber. In practice, however, it is found that some 
kinds of wood . will not readily submit to this process 
without splitting, but with those that can be thus 
worked it possesses some advantages, as the figure of 
the wood is more entirely retained. 

Veneers, too, are sometimes cut by a horizontal saw 
with a recipro<^ting motion. A single straight saw 
of very thin gauge and finely-set teeth is employed ; it 
is tightly strung in a light swing frame, and sharpened 
to cut in both directions of the traverse. The wood is 
fixed in a slide which feeds vertically to the saw, and 
has a lateral movement to suit different thicknesses of 
nut. 

In France veneers are very generally steamed and 
sliced by a sliding block and knife. 

Operating as they do on very valuable woods, espe- 
cial care should be taken” in the design and exact con- 
struction of veneer-cutting machines, or considerable 
loss will be the result from inferior prdduction. If a 
circular saw is employed, the disc should be balanced 
to a nicety, or the saw will not cut true, and the veneers 
will be of uneven thickness; the bearings too will 
rapidly deteriorate. 

In slicing machines a back iron should always bo 
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fitted to the knife, which ill lar^’ blocks should ope- 
rate obliquely to the grahi of xhp wood, and be so 
arranged that the whole length of^the knife does not 
strike the wood at the same moment, as the shock thus 
occasioned js oft^n conciderablo and the veneers cut 
are more liable to spli^. 
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CHAPTER XXn. 

^ WliiJEL AND CARRIAOK MAKIN(J MAOHINERY. 

In the mauulUeture of wheels and carriajjes 011 a large 
scale several special iiiachiiies arc necessary, in addition 
to modifications of some of those we have already 
noticed. Amongst these may be mentioned the spoke 
turning or dressing machine, spoksi-driving imichine, 
felloe-shaping nj^ichiue, spoke-tanging and felloe-boring 
machine, wheel-facing machine, <fec. ; our space, how- 
ever, will only permit ns to give a brief rhmne of some 
of the principal machines. 

The principle of most of the machines now in use 
for turning or dressing irregular shapes, such as spokes, 
.hammer handles, lasts, gun stocks, is contained in 
Boyd’s patent, dated 1822. He claims in this patent 
the use of a model or dummy in conjunction with a 
blank of wo( d or other material, the outline of the 
model guiding the cutiing tool to produce a duplicate 
from the blank. A shoe last is sh{)wn in the patent 
specification ,, as illustratii^g the i>rinciple claimed. 
From this machine, or, more correctly speaking, from 
this priiu'iple, niiinerous machines for analogous pur- 
poses have since that date been from time to time 
brought out. 

Some five-and-twenty years ago a inachiuc for 
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dressing spokes, &c., with the grafti of the wood was 
patented by a Mr. Hughes*; the 4poke was fixed on a 
table, whi«h was traVersed beu^eath cutter by means 
of a rack and pinion. The cutter-block spindle was 
made Indlow, a nc^ arranged so as to allow the cutters 
to traverse to or from? one anotimr as they were acted 
on by a m(»lel spoke, and tl‘e frai^e carrying the 
cutter block wiis pivoted on (.ne side, which allowed it* 
to rise or fall as desi,:ed. 

In the year 1845 a machine for carving ana copy- 
ing irregular forms was introduced by* Mr. Jordan, of 
London. In his machine the wood to be shaped and the 
model or ‘ dummy ’ are fixed on a horizontal table, 
running on wheels transversely on another table or 
frame, whicli wai^ arranged to move in a longitudinal 
direction, so tliat by the straight-lim! movement in tnvo 
directions the '’table could be made toliave a motion in 
every part of its own plane. The model an l*wood to 
be shaped were made to swivel on centres, and so ar- 
ranged that by means of adever they could be turned 
simultaneously on their axes. The cutters were carried 
on a verticarslide, and made some 5,000 revolutions per 
minute ; this vertical slide was raiserk or f(>wered to tite 
work, which was fixed on the travelling table beneath 
by means of a treadle. A tracer guide ^acting on the 
model produced by the aid thc*cuttera facsimiles in* 
the jjiecc or pieces of wood. 

Some of €he greatest improvements in automatic 
lathes for turning irregular shapes were .made and 
patented by Mrt Blanchard, an Annirican, many years 
back, whose maidiine was undopbiodly one (S the most 
remarkable invenikms of the day ; those have again 
been modified and re-patented by Gleason and others. 
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An improved form of Blancliaid lathe, manufactured 
by Messrs. J. A. FaJ and Oo., of Cincinnati, U.S.A., 
and especially adapted for turning spokes, it deserving 
of notice, as it contains several features of interest. 

The cutter block is fixed to a travelling bed, which 
is worked by a^voru leed; the feed is adjustable for 
tapering work, /..nd can be stopped at anj desired point 
by a buffer which is attached to the frame. The cutter 
block is fitted with eight knives, which are arranged 
to give gradually ‘finishing’ cuts, thus leaving the spoke 
comparatively smooth when it is taken from the ma- 
chine, consequently requiring little extra finishing on 
the buffing machine or sand belt, which is used to 
remove the marks of the cutters from the wood and 
give it a perfectly smooth surface U> receive the var- 
nLh or paint. Ihe vibrating fmme is fitted with cut 
toothed geaiing^for rotating the model -and wood to be 
shaped, .and the vibrating rests are faced with steel 
and kept in position by a steel spring. The movable 
centre is worked by an ecteiitric and lever, and kept in 
any desired position by a ratchet. The cutter-block 
belt travels over a long iron drum placed below the 
machine, aiicl, although shaping only one spoke at a 
time, this lathe is speeded to turn out as many as 900 
spokes per day, which, if the finish is satisfiictory at 
that speed, must bo pronounced a very large number. 
The cutters are aminged to work across the grain of 
thb wood. 

In the imiWved Blanchard lathe for turning spokes 
patented by J. Gleason, of Philadelphia, U.S.A., some, 
thirteen* ;fear8 since, tlje points of novelty claimed are 
the use of centres* operated by an eccentric lever 
instoiid of a mallet, and the introduction of a lever for 
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releasing the spring vvhich keeps fhe vibrating frame 
in contact with the model ‘ durrimy.’ 

In the* year 18(53 Mr. IF.^WilsQii^ of London, de- 
signed and patented a multiple copying machine. The 
principle of^ubin<^ a moeVil in conjunction with blanks 
was still adhered to, but instea(>of .one a nuitfber of 
duplicates wi^'e produced at the samJ time. Irf this 
machine a model spoke and four pieces of wood are 
mounted in aeparac^ adjustable centres or pojmet 
heads, which are fixed to a sliding table, arranged to 
travel by a screw feed beneath the cutters. The cutters 
are fitted on separate blocks, but are mounted on the 
same spindle, which revolves in a counterbalanced 
swinging frame. The principle of working pursued in 
this machine diffejjs from the ordinary ‘ Blanchard ’ or 
other lathes, fis in this csise tlie cufters revolve in* a 
fixed position, whilst the wood itself is made to revolve 
and travel beneath them ; the reverse of this is* usually 
the case, the cutters themselves being made to travel 
and the wood to revolve iti a fixed position. The 
cutters used are perfectly flat, and are arranged to cut 
with the graiii of the wood. From our experience we^ 
cannot recommend tlie plan of cuttir!^ with the grain 
of the wood, as, unless the grain is very straight and 
considerable care is exercised, large splinters aie apt to 
be torn away, especially at finishing of a spoke. 
With^nicichiues arranged to work across the grain this 
is not the cffs6, but these spokes, howevty’, take more 
finishing after they have left the lathe. 

A very simple*aiid efii(;ient hand-^^bwer n^chine for 
centreing and boring wheel stacks or hubs was pa- 
tented ill the year 1808 by Messrs, Silver and Denning, 
of Ohio, &.S.A. It was arnui^ed to adjust and hold 
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the hub ill position Ivhilst being bdred ; this was secureO 
by a kind of chuck!'' frame, consisting of three equi- 
distant radical arms furnished with dove- tail slots, in 
which worked adjustable jaws with corrugated faces 
for gripping the hub. These jaws were set in or out 
simultaneously by ifteans of bwel gear. The boring 
spindle or uniiidrel was fitted with a feed? nut, made in 
halves and of somewlu'it peculiar construction ; the 
upj>er part of boring spindle, whidi worked in the nut, 
was' cut with a feed screw of about two threads to an 
inch. An adjustable gauge for regulating the depth of 
the hole to be bored was fitted to the boring spindle. 
When a hub is to be bored it is secured by the jaws, 
the gauge is set at the right height on the boring 
spindle above ihe feed nut, the -bming spindle is 
tiirned by a handle similar to that used with an ordi- 
nary auger, the boring tool being fed by the before- 
mentioned feed-nut till tlie gauge comes in contact 
with the cap of the nut. A set screw is then loosened, 
which allows the feed riht to turn with the boring 
spindle, forming with a suitable cutter a square shoulder 
at the bottom of the hole. 

Very few irftportaut improvements, that we are 
aware of, have of late years been introduced into ma- 
chines for turning spokes. At tin* International Ex- 
hibition at Paris, K-<7S, ivcveral multiple copying latlies 
were exhibited in the tVench section. In the machine 
sCowii by Mjessns. Gerard, (►f Paris, llie cutters wen* 
fastened <Iirectly on to the chtter spindle, without any 
block or other prf^vision being made. ’ A very neat and 
simple *aiTang<?mcnt \vas also jnieuded for emiircing 
the spokes or other work. A multiple copying lathe, 
espc'cially adapted for shaping wooden shoes, or sahols, 
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as well as spokes, wa'j also «xhibit6d by M. F. Arbey, 
of Paris. This we illusira|e (fig. 30). Its action will 
De easily ujiderstood' from the enGr’uyipg. This machine 
is arranged to shape six articled at one time, the model 
which is r^'onii jd.to be C(ji)ied being mounted in centres 
having rotary and horizontal ml^vements, and three 
blanks of wo^ I being mounted ia like manner on either 
^side df it. The cutters operating on the wood are 
mounted in a swinging frame immediately over the 
blanks, and when set in motion are guided in flieir 
action by means of a tracer or feeler travelling over 
the model, the swinging frame thus rising or falling as 
required, and the cutters produce in the blanks the 
exact shape of the model. The cuttei's operate with 
the grain of the ,wood, and the spokes or w}){)U are 
traversed horizontally beneath the cutters by meaiifc^of 
a slow screw feed. 

After the spokes are shaped from the rough timber 
they arc passed on to a tenoning machine, which is 
fitted in addition with a circular saw and gauge, which 
reduces them to one uniform length. They are after- 
wards passed* on to a spoke-huffing or ^lass-papering 
machine. This macliiiic consists of f?wo endless belts, 
covered with ground glass of different degrees of fine- 
ness, running over two adjustable pulleys.. The spoke is 
pressed on these belts by hand, the coarser grit re- 
moving the marks left by the cutter^ of the shaping 
machine, ai i«<Le finer grit giving it a sumoth surface. 

Where large numbers of spokes are ‘ buffed ’ a great 
amount of dusf is created, whi^h* floats about the 
workshop, to the detriment of yie health of th*c work- 
men and the machmery employed. To obviate this 11 
simple pneumatic apparatus for conducting awav the 
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duet can easily be ^secured by arranging a small fan 
blower— say, with an^irapelbr of about 16 in. diameter, 
and running ab^iut 2,000 revolutions per minute- 
fitted with induction and delivery pipes. By these 
means the dust can be conveyed to ♦he stoke hole or 
other part of the builJikig. This* system has also been 
introduced , into saw mills for the removal of the 
shavings, sawdust, and <^hips made by trying-up, saw- 
ing, and the other heavier class of wood-working ma- 
chines. 

Amongst the other wheel-making machines may be 
mentioned a machine for driving the spokes into the 
wheel stocks, patented in America by a Mr. Hosier 
some eight years since. In this machine the blows 
are given to the spokes by a swingi-ig mallet, worked 
by a cam motion, as if used by hand they are governed 
by the pressure of the foot on a treadle. The blows 
can be graduated from heavy to light, or from fast to 
slow ; an adjustable guide is also fitted, which sets the 
spoke perfectly true before being driven. Another 
tool recently introduced in America is CW’s patent 
^automatic wheel machine, which is arranged to drive, 
cut off, and tenon the spokes in the wheel, without 
removal after being once adjusted. For driving tbe 
spokes the wheel stock is fixed on a stud in the centre 
of a vei*tical frame. ‘ Thit stud has a movable outside 
bearing, worked a lever. The spokes are driven by 
a mallet, operated by a sjjring and eccentric which 
forces the mallet down aftei* it is raised by a cam. 
Attached ^ the main frame of the machine is an appa- 
ratus with lateral and transverse irovements, for saw- 
ing and tenoning the spokes. This can be adjusted in 
iU position to suit wheels of different sizes, and is so 
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arranged that as on(? spok# is b^ng driven anothei 
is being ei^t to gauge by » circular saw and tenoned. 
A hollow auger fitted with ci^tting Japs forms the tenon 
on the end of th^‘ spoke. This auger is combined with 
the saw, taijl by depresskig a foot lever they are both 
brought forward to the work, •tlfc saw operatlhg first 
and the spol^ being held betYcen horfzOntal guides in 
line with the tenon tool ; this is automatically moved by 
a screw, and the tenon is completed to any desired d^th. 
The inventor claims that one man with this machine 
can drive, saw off, and tenon thirty wheels and upwards 
per hour. 

Some manufacturers prefer the oval form of tenon 
on the ends of the spokes where they enter the felloe, as 
the risk of splitti«ig in driving is lessened, and it is not 
ibund necessary to wedge this form of^^spoke to keep it 
ill position. The felloes of the wheels are usually cut 
from the rough timber by a band sawing maci'fne fitted 
with a radial arm. In America an armngement of 
circular saws is often employed. Two concave saws 
are mounted on a spindle, one end of which revolves in 
a pivoted bearing, capable of adjustment ^nd movemenji 
in a vortical plane on the axis of Its bearing. The 
wood is fixed on a vibrating carriage, and is adjustable 
to or from the saws, A separate set of* saws must be 
used for each sized felloe, as •the chrvature required on 
the s8,ws is n^essarily different. 

The i'elfoes are plane^^ on an ordinary vertical 
double-spindle shaping hiachine ; they are -fixed in a 
imdiating cramp, and the wood is fir^ of a’ljbrought in 
contact with one 8«t of cutters, *vhiph planes one-half ol 
the inside and chailifers the edges ; it is then passed to 
the other cutter block, which* completes the operation, 
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By using two cutter blocks revolving in opposite dii’ec- 
tions the wood need never ^be cut against the grain ; 
consequently the '■work turned out is of better finish. 
A cutter block revolving horizontally, for planing the 
edges of the felloe, and, where «a larga amount of woi*k 
is turned out, a self-acting feed ean be added to this 
machine with advantage. ^ 

A very useful inachhie in connection with wheel 
manufacture is Morris’s patent wood-bending machine, 
introduced some few years since. The principle on which 
it is constructed is the bending by levers from the 
centre outwards. After the wheel is put together it is 
usually finished in a surfacing lathe, or in a planing 
and finishing machine especially adapted for the pur- 
pose. An outside-cutter moulding anjl planing machine 
call readily be inMiiied to perform this \vork, the wheel 
being mounted on a separate vertical screw chuck fitted 
to a stand, with vertical, lransvei*se, and angling move- 
ments. In the construction of a wheel no less than 
twenty difieront machines "can be employed with niciro 
or less advantage. 
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CASK-MAKING MACITINEIIY. 

Maohineky for the manufacture of casks has of late 
occupied considerably the attentioji of engineers, and 
a number of labour-saving machines for the especial 
class of work required in a cooperage have been intro- 
duced, with very ^itisfactory results, and so complete 
are some of the plants erected that fery little mantRii 
labour except putting together is necessary. Some of 
the earliest machinery erected in this country^br the 
conversion of wood was devoted to the manufacture 
of casks and powder barrels. We believe the first 
patent taken out in connection with machinery for the 
manufacture (Tf casks was that of Plasket and Brown, 
in 1811 ; but Mr. George Smart, of Weftmiiister Bridge' 
Road, is stated to have had a set of cooperage maidiiuery 
in use some years previous to this date, but jvhat its con- 
struction was there is no recoij, asiiir as we are aware, 
to sho^w. Beiii^ one of the earliest* efforts in this 
country in Cv/nnectioii with the conversioij of wood iJy 
mechanical means, we think it of sufficient general 
interest to appenH a short descript ii ft i»f Pi^^ket and 
Brown’s machinery as described in Dr. Gregory’s 
‘ Mechanics.’ 

‘ First, the machinery for cftitting the stave consists 
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of a stout bench, having u board or platform annexed 
to it capable of being moved endways, to which another 
board is connected, so arranged as to be moved across 
steadily by racks 'and pinions or screws. The last 
board has a hollow part made in it, in which the stave 
board may be laid jo d;hat one ^edge of it may project 
clear beyond edge of the first-men tic iied board. A 
circular saw is placets ei titer above or beldw the 
bench,* having its axis at right angles to the line of 
mdtion of the first-mentioned board and opposed to 
the direction of the course of the projecting part of 
the stave board. This circular saw is made flat when 
the straight-edged staves are to be cut, and is dished, 
or of a spherical shape, when staves with curved edges 
are wanted. Tl)e board first mtuitioned is moved 
either in a right iine or is made to assume a curved 
course by beiugV'onfliied in its motion by curved grooves 
or by curved rods moving against pins; and by the 
proper management of these sliding boards the 
stave lx)ard is cut by the circular saw of the shape 
desired. The machinery next used consists of a large 
lathe, in which the cask is tiirned’in a vertical position 
when it is of a large size (after it is formed in the 
usual manner from the staves prepared as above de- 
scribed), being either fixed in a great chuck placed- 
beneath it or in a cylindrical cage which surrounds it, 
fixed upon a strong upright arbor and revolving be- 
tween collars, where it serves the oflice of a mandrel. 
In this lathe the chime and groove for receiving the 
liead are turned in the cask by the application of a 
proper' tool. When tlie cask is simill, the cage is made 
to turn in a horizontal position instead of revolving 
vertically. The third operation is tx) form the head. 
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which is pinioned toge.^hev nsiia^, after having tlie 
pin hole& madej by piercers ^projecting from the man- 
drel of a lathe, the distances and* ^epihs of which 
holes are correctly regulated * by g*auges ; it is then 
turned on a Hal revolviiy^ table, from which points 
project to ho^d it fast, aiid again sUwhich it is Irjld by 
another revoKiring piece that is screwed towards* the 
first, wliere it is brought to tli^’ proper size of the cask 
by fit tools. 'Jdie fourJi operation is to turn the*whole 
cask at the outside, for which purpose it is placed iff a 
large lathe between two chucks, made to fit into the 
chimes, and attached to the l\ead by poihts ; and then 
the surface of the cask is turned smooth by a spoke- 
shave, or other fit instrument, hold against it by a 
rest properly placed for the purpose. The patentees 
bend their wooden 'lioops for their casks in an expedi^ 
tious manner by fastening one end of them to the 
circumference of a wlieel, and pressing them Against 
the wheel as it is turned round ; they also desci’ibe a 
method of forming the proji;cting part in the bung 
staves of the small casks called bottles by means of 
flat or concave ^circular saws, which cut the face of the 
stave on (‘ach side close up to the lAj'ojetitiou ; and, 
lastly, in giving motion to this machinery the inventors 
use any of the usual first movers and mill work, as may 
be necessary.’ 

Sir John Robinson, too, was ^3ne of the earliest in- 
ven(ors*in coiyiJbtion with cask-making machinery. 
proposed the plan of bendii;g*the stare against curved 
bed, and jointing inme by means of tw^ circular saws. 

In the year 182r) Mr. Samuel Rrowii paTented a 
series of machines. 'I’jie staves wA’o ddged by means of 
an ordinary circular saw, the^wood being fixed and 



zi<y 


MACmNEKV. 


pushed through the sawA in a elide having a. citrvcfd 
motion and resting against-a fence or guide consisting 
of a flexible bar which could set to any ciyve desiri^d 
in the stave. He als(( used a system of expanding 
cutters for chiming, ka . ; they were iixed on a vertical 
spindlii and traversoi round thednside of the cask. 

k!ome of tht'; most important improveaiients in cask- 
making machinery are those of Gibbs and Gatley, ’ 
engineers, ' London, whose j)atent specilication, dated' 
ISo'o, possesses several features of interest to engineers, 
as more than one of the ideas therein contained has 
been the subject of recent pahmt rights. They claim 
briefly certain arrangements of machinery for cutting 
two staves from one piece of wood, the part whicli is 
flattened out between the two staves forming a portion 
(jS the head ot a* cask ; the arrangement of machinery 
for cutting the edges ot staves to their proper curves, 
and for., cutting the gr<»oves at tin* ends ol a cask to 
receive the head, ami also tlu* bevels at the ends of the 
cask. They also claim the construction of an ordinary ’ 
vertical saw frame in such manner that om‘ set of saws 
with their frame shall at all tinuis balairce another sot 
of saws and* their frame, and also the application of a 
saw of the form of a segment of a circle for cutting 
veneers. The ])Ian pursued in cutting the cask staves 
is decidedly ingeiii^^us. Tjhvo straight or mill saws, fiome- 
what naiTower than tliose used for ordinary sawing, 
urc moimtefl in an ordinary sawing .n^me having a 
vertical reci{)rocatiiig movement. The saws, however, 
are not lixed to ,the cross-heads in the usual manner, 
but mounted in two small, separate frames. Each of 
these frames consists of two vertical guide-rods, attached 
at their upper and lowpr ends by means of bolts and 
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nuts to wrouglii-iron i^lates. i In <.*adi of the cross-heads 
is formed a vertical mortijae, through which ihe pins 
which cariy the saw pass. These pins are fixed at one 
of their ends to the plates, and at the other to the saws. 
Therefore, if (.‘ith^r of lihese pins be moved in the 
mortises, the saw will move wiLh^t; consequeidly the 
two saws canH>e made to dive ;ge from* each otht% till 
one-hUlf of the staves are ciit, and approach towards 
each other till the other half are cut. This movement 
is effected by means of two guiding pieces and tour 
guiding sockets, acting in conjunction \^it]i springs; 
these are so arranged that when the machine is set in 
motion the guiding sockets will roll along the sui-face 
of the guiding pieces and follow their curvature, being 
forced apart by tl^e springs till one-half of the staves 
are cut ; they ^vill then gradually approach each other 
till they assume the position from which they started. 
By changing the guide pieces staves of any ^ desired 
curve* may be obtained. 

Following Gibl>i and Gatley’s patent various iin- 
provemoiits wore introduced into cask-making ma- 
chinery by Itosenberg, Gr<?en, Robertson, and others. 

Green introduced a tolerably complete maebiue for 
‘ backing’ and ‘ hollowing ’ the staves. In his machine 
the stave was arranged to travel on a nayow roller by 
means of a fluted feed-roller, fitted immediately over 
it and pressing the stave upon it. The narrow roller 
supporting the stave revolved freely on ds own axis, 
and was arranged between Iwo revolving cutters, which 
gave the desired ISluipe to the stave. 

* In the year 1852 some important iiuproveiifeiits in 
cask-making maclii’iery were i)ateiited by Kobtntson, 
of Glasgow. In making cjtsks and other wooden 
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vessels according tS) this <inventton, the rough staves 
were first steamed in the iis^ual way, to cause pliability, 
and then, in order ,that the irregularities o;* bends in 
the wood might be nudified, the stpe was screwed 
up by its flat side against a (fixed bioarinjj surface or 
against rollers, so tlKit^ when passed into the sawing 
machine, the ivljod might be accurately 4ut. A self- 
acting arrangement was' employed in connectioif with 
these retaining or flattening screvys, for the purpose of 
slackening off these holding details as each approached 
the cutting ed^e. At the same time a series of cutters 
was arranged to work on the exjmsed side of the stave, 
for the purpose of dressing that surface to the form re- 
quired. As the stave moved forward it was first sawn 
on the edge by a circular saw, to fakci olf the ‘over 
wbod ' to the required curve ; it then came against a 
set of rotatory cutters, which finished the surface. At 
the saufe time a set of cutters worked over tin; io[) of the 
stave on its flat surface. Then, wlnui this flat side and 
one edge had been so shaped, the stave was reversed 
and the othor edge and side similarly treaU'd. Several 
staves can be done at a time. When flie staves are 
piled together, or when the ‘cask is raised/ the upper 
ends of a stave being surrounded by a hoop, the mass 
of staves is put into a press, to compress the bilge of 
the cask and bring toguther the bottom or opposite 
loose ends of the staves\ 

liobei-tsop’s uiachim.* for bending or^ “trussing’ the 
staves is -also worthy <»f notice. The staves were first 
steamed at a teliiperatiire of about '220® Fahr. The 
trussing machine consisted of two, iron cones; the in- 
side pcripheiy of each was mad.* to fit the outside 
cuiwe of the cask when finished. The upper cone wa^i 
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widened at its lower extreiriiibj, so as to surround tlie 
staves, which wore fixed into it by hydraulic pressure. 
Truss hoops wo,'e lot into recesses flush with the inner 
periphery of the cones, which' vere arranged to open by 
hinges. 

Messrs. and B. Holmes ^if*Buffalo, U.S.zi.., also 
designed a very complete s^’ b of bartrel-makin^ ma- 
chinery, some of which possocsed considerable origin- 
ality. The staves wore jointed and cut to the required 
curve by means of a revolving concave wheel fiT^ted 
with a radial cutter. 

The groove for the head and the bevel at the ends of 
the cask are produced at one operation — viz. by the 
slow revolution of the cask on an axis simultaneously 
with the rapid revolution of cutters, which are held 
in contact with the inside of the cask ^nd guided hf a 
blank roller. The whole of the mechaniv.al iirrange- 
ments contained in the specification must bfe held to 
reflect the highest credit on the inventors, more espe- 
cially when it is borne in mihd that at that date wood- 
working machinery had scarcely any existence. 

Owing to the development of the commerce in^ 
petroleum a, considerable impetus has-been given to the 
manufacture of barrels in the United States, and many 
factories where they are manufactured* in immense 
numbers are now in existence. This greatly increased 
demand naturally turned the attention of American 
engineers to the further ^improvement ^ind develop- 
ment of cooperate inachtnery, and a number«of labour- 
saving tools of more or less novefly has, been the 
result. ^ 

In th^e year 18G5 J. S. Thompson, of Glen’s Falls 
New York, took out patents fer a series of machines, 
some of which possessed considerable ingenuity. 
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One of these w/is arranged fo saw tlie staves to an 
uniform length, croze tlieir inner ends for the recep- 
tion of the barrel .head, and chamfer the end edges at 
one operation. In the I'entre of the machine a spindle 
was arranged with a circular^ saw, chamieving cutters, 
and "V-shaped croztng cutters "at either end. Two 
spindles, one oh each s"de of the saw spindle, carried 
wheels^ over which worked chains. Vertical lugs were 
attached to the chains at equal distances, and the 
staves were fed horizontall}’ to the saws and cutters, 
being held firmly in position by adjustable plates bear- 
ing on the back and front of the stave. One set of 
these plates rested on springs, which were armnged to 
yield to varying thickness of staves. 

Another of these machines was designed for stave- 
jomting ; its arrangement was briefly as follows : — 
The top of the frame of the machijie was made con- 
cave, eoiTcsponding with the bilge of a cask. On this 
frame a carriage was antinged to travel longitudinally. 
Fitted to this carriage by pivots at each end was a 
frame which lield the staves, which were placed on 
edge by means of a cam lever operating on a spring. 
In the centre of the machine was a horizontal cutter- 
head, driven by a vertical spindh‘, which jointed the 
staves, the necessary bilge being given by the con-, 
cavity of the slides, and' the bevel by the position of 
the carriage which held them. A strap attached to 
this carriage; winds on a roller, and draw^ the carriage 
with its load of staves over the cutter head ; when the 
jointing is performed the carriage is run back by a 
weight* which is tliroyvn into ticfh n by the release of 
the winding roller, which is connected with its spindle 
by a clutch. 
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The third inachino of this seritjs is one which is 
arranged to saw and chamfer the head at the same 
time. Tha tools consist 0 / a concave or dish saw and 
a cutter bloek, both fitted on the sann' horizontal spin- 
dle. riie bpM’ds intendtd Lo form the barrel head are 
placed on a ^ircular plate, wliicL il j^eared underneath ; 
direct!} over this plate is a. ci ’cular cramp, worked by 
a screw and hand whccf, aid arranged to rotate with 
the circular plate. The circular plate, gear, and sup- 
porting bracket are j)ivotcd to the main frame of* the 
machine and are arranged to cant to any angle. When 
the necessary boards are secured 011 the circular cramp- 
plate, the whole is canted towards the saw and cutter, 
the concave saw chamfering one edge and the cutter 
block the other, the circular plate being at the same 
time rotated either by power or a pinion and handle, 
thus causing the whole of the periphery cl' the barrel 
head to be operated on by the saws and cutters. A set 
of cask-makinj^ machines was exhibited in the Paris 
Exhibition, 18(>7, by Cool, •'Ferguson, and C(»., Mass., 
U.S.A. 

Folh)wing these inventions, nothing noteworthy was 
produced for this especial class of work lor some years.* 
When the band saw was reintroduced by M. Perin, of 
Paris, in 1 8o5, it was more or less adopi^d for cutting 
out the staves and bottoms (.f casks. Another Prenclr 
engineer, M. Arbey, of Paris, modified several existing 
machines, including a planing machine^ for roundAg 
the staves and planing up the bottoms, .a vei-tical 
moulding inachuie for chamfering #he bottoms, and a 
tonguing and grooving inaching for jointing tlffem. He 
also invented a machine acting with spiral knives for 
chamfering and recessing the ends of the cask after it 
has been put togetlu^r^ 
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During the LaSfc ten lyears, owing cliioflj^ to the 
rapid increase in operatives’ wages, a number of patents 
for improvements,, in this class of labour-caving ma- 
chinery have been takt^ out by Robinson and Smith, 
Woodley and Anderson, Slater, Thorneley and Bux- 
ton, Ijyle, Hewit Uni Hays, llerard and Thulier, 
Gedge, Ransome, and (,(thcrs. 

, Mr. Abram Lyle, in his patent, dated 1871, claims 
improvements in a machine for. dressing staves. In 
his' machine the stave is gripped between and fed 
along by short massive rollers, arranged with their 
axes vertical, whilst in the centre of the row of feed 
rollers is a revolviug spindle, having fixed on it the 
cutters for dressing the stave. The cutter spindle is 
carried in a bracket arranged to 8lide»in guides below a 
table, and is adjustable. The feed rollers on the same 
side as the cutter spindle are fluted, and are driven by 
means cf worm wheels fixed on their spindles below 
the table, gearing in with worms fitted on a horizontal 
shaft, which is driven from the first-motion shaft. The 
feed rollers on the other side of the stave are held in 
forked blocks set in boxes containing strong springs, 
'which are adjustAble by means of screws. The rollers 
on both sides are made sufficiently strong, and the 
press nro applied is sufficiently great, to straighten^any 
.twist ill the stave passing ♦through. 

Messrs. Robipson and Smith, of Rochdale, patented 
irf 1873 a method of making bungs or sliiVes for casks 
by means pf a cylindrical saw and rotary cutter ; and 
Messrs. I^ewit anil Hays in 1875 patented a machine 
for cutting staves by means of two circular saws placed 
side by side, and arranged with such a motion that 
when a stave is passed bovwemi them the two sides are 
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cut ofF at the sauie tiiao riiid 4 the pA»per bulge given to 
the stave. 

Improv^mentfl in cask-raaking iuachinery of some 
importance liave been introdin* )d by Messrs. Thorneley 
and Bu :;tor^ dF* Burton-«m-Trent. They patented in 
1875 an iiui^roveiiient in macliinei^'^ for jointing staves. 
This consists in centreing w<^ jden staves both ift the 
direction of their widtlf and length by means of an 
apparatus lixed on or to machinery used for jointing or 
edging such staves. The former is attained by means of 
a rotating cam, which opens the dressing knives or 
cutters so as to receive the widest stave between them, 
and closing the said cutters on the edges of such stave, 
of whatever width, by means of a weighted lever ; and 
the latter is ae^joinplished by lengthening out or 
shortening the centreing gear, so as to bring the ceiii re 
of the stave to the centre of the said ciittorb. Thorne- 
ley and Buxton pa, tented also in 1878 machinery by 
which wooden staves for casks are ‘ hollowed ^ and 
‘ backed ’ at one and the {fame time. The cutters, 
guides, and bed 011 which the staves are dressed are so 
arranged thai bent, twisted, or otherwis(3 misshapen 
staves arc <‘asily 'worked. The cuttersk in ’this machine 
are raised or lowered by means of a cam or eccentric 
for hollowing staves to a gradually varyipg thickness 
from their centre towards each end.* 

In the year 1874 a series of improvements in cask- 
making inaciliiiery of some novelty was j)ateuted by 
John Woodley and John •Anderson. The lirst part of 
the specification delates to apparatus for cutting the 
edges of staves to the desired ^shape, or the {>rocess 
commonly called jointing. For this purpose each stave 
is successively placed on the tflble on or in a groove of 
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,whicb an endless enain tn^iverses, with projections, one 
t)f which, by acting on one. end of a stave, drives it for- 
ward between a pair of radial arms or shafts at angles 
one to the other, carrying cutters to produce the desired 
angle to the edges. Tl.e relative po,<yition of the shafts 
is variable by right and left hand scre\y motions, by 
whicjh these angles ni^y be varied. These shafts are 
supported in a frame capable of movement transversely 
to that of the stave, to adapt the cutting to variations 
in width of the stave. These motions are effected by 
cams or tappets, and rotations to the cutter shafts by 
straps or bands. A saddle piece held by the attendant 
and a stationaiw roller aid in guiding the stave to the 
cutters, whilst weighted lever-arms with rollers hold the 
stave during the cutting. Tin* inve.ntion also relates to 
apparatus for hollowing the inside surface of the stave. 
For this purpose each stave is, as in t)je last apparatus, 
placed»on the table, so as to be acted upon by one of a 
series of projections from an endh*ss train chain, by 
which it is moved into position to bo cut by rotary 
cutters, driven bv a band or strap, and is guid(‘d whilst 
UKiviiig forward l>y a. template or roller or rollers. 
Weighted g'nid<is and a weighted pressure roller guide 
and aid in holding t*aeli stave in position during its 
traverse. 

The cutting of* the outer surface or ‘ backing ’ of 
the staves is efljected by each stave beiuo moved forward 
Vjy a similar endless chain on a table, so Shat the outer 
surfac’e /)f such stave may be acted upon by other 
rotary cutters, vln* motion of tin* staves being aided 
by we‘ight<*d pressure rollers and guides. The invention 
also relates to means for effecting* the desired bevelling 
of the edges of the heirds of the cask. Pieces of wood 
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jointed together to form a lidttid areplo^eed between, and 
so as to be held by, pins betw('eii two plates capable of 
sliding sideways on other face plateg. The axis of one 
of these fcco plrtes is hollow! jd to receive through it 
the axis or spjndb of its^sliding plate. Rotai’y motion 
is given to yds hollow shaft > to Cause the rotation of 
the several plates and the ‘Ik ad*’ held between fhem, 
but during this motion other motion is given to the 
axis of the sliding plate, carried by the plate aftixecj, to 
that hollow shaft, so as to cause the her.d to revolve in 
ail oval direction, so that its edge may be cut by the 
bevelling cutters to an oval form, capable of adjust- 
ment as to extent. The invention also relates to means 
for planing tin* edges of the separate breadths of wood 
to form the headfX For this purpose a table and end- 
less chain, suc^^ as before referred to,^re employed* to 
conduct the pieces between a pair of rotary cutters, and 
the distance apart, of the axes of these entters^is regu- 
lated to the width of W 0 i>d under operation by a pair 
of pins or projections carried by frames su])ported by 
right and left hand screws, such frames also carrying 
the axes of tCe cutters. 

In the International Exhibition* of Paris, 1 878, 
Messrs. A. Ransorae and Oo., of London, exhibited 
specimens of their lately dt'sigued luaclwnery for the 
manufacture of powder barrels ; but, considering the^ 
warlilfc and b^r-drinking proclivities of the age, ma- 
chinery for the rapid construction of casks was con- 
spicuous by its j,bser-ce.* During late yiN^rs*, however, 
it must be admitted that this class of lal^ur-saving 
tools hjiis made very great proguess.. 
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CHAF^rER XXIV. 

SAW AND CUTTER SHARPENING MACUINRR. 

The sharpening of saws other than by hand labour is 
of modern origin. The fly press for punching and 
gulleting saws lias been in use for many years ; but a 
machine for topping, bevelling, and gulleting without 
the aid of a file was first introduced- into this country 
abbut the year 18l5e5. This sharpening is performed by 
means of a revolving emery disc (or, more jiroperly 
speaking, a disc containing a composition of emery, 
india-rubber, sand, &c.), travelling at the speed of 
some 5,000 feet per minfite at its periphery. A ser- 
rated steel disc has also been tried, but with unsatis- 
factory results, except in the case of bah<l-saw blades, 
when, in the Paris International Exhibition, 1878, 
Martinier’s patent machine? for this purpose was toler- 
ably successful, and attracted some attention. Messrs. 
Greenwood and Batley, of Leeds, first made Parnacott's 
patent saw-sharpener about the year 1^65, and a few 
years later a Saunders’s patent machine of French 
origin waa introduced. 

A new, form ol vitrified wheel has lately been tried, 
with considerable success. In this wheel the material 
by which the gntins of emery aie nnit(*d in a solid 
mass is somewhat softef than the emery, and allows 
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the worn-out particles of emery t(i break away and 
new ones to present thein<?Aves. In the course of 
manufacture these wheels aK. burnt and baked, and 
can be made tj present any degree of ^lardiioss required. 

Ill j874 Mr. Jamej ITa'-rison, of Tatienhall, 
Cheshirij, too*k out a patent ibr^iinjirovenients in shar- 
pening and {filleting saws. I^e claims, as novel^the 
arranging of the vice which holds the saw to be 
sharpened in V slides in a similar man nor to tl]^‘ slide 
rest of a lathe ; so tha^c by means of a rack and pinkJn 
or screw adjustment the operator is enabled to traverse 
the saw and bring ijb into contact with "the revolving 
emery wheel, which is mounted in a frame that remains 
stationary, instead of being arranged io traverse, as 
liei'etofore, for the^purjiose of adjustment, whereby a 
much steadier cutting action is obhtined. We pi y- 
sume the novelty claimed in this patenf is thu apjdiea- 
tion of a slide-rest vice to the special purpose of 
sharpening saws 5 but it affords an apt lilustral ion of 
the very slender grounds of poveltj’ on whicli j^a-tents 
are often appli<.‘d for and granted in this country. 

In the most improved machines now in use the 
emery wheel is mounted on a small st^el spindle, run- 
ning in centres and fitted in a counterbalanced swing- 
ing carriage. This carriage can be brought down to 
the s*aw by hand, and by meiyis ot quaefrant can be 
set to an angle to give any desired lead to the tooth. 
WherC*a hoy^is^employed to work, an arrangcuncut can 
be litted bo regulate the. ^ilepth of the gullet imd the 
pitch of the teeth# The saw io be shiyrpeiieu is lield in 
a vice having both a lateral and transvers6 motion. 
The coifntorshai't is ^usually placTjd lU the back of the 
main fr^^iting ol' the machine, ^vhicli should be cast in 
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one piece. The bend giving motion to the emery disc 
passes over an idle pulley, and then directly on to a 
small pulley on the emery disc spindle. In a well-con- 
structed and well- worked saw-sharpener the use of the 
fly press for gulloting should he tnitirely dispensed 
with. If, however, i sow should be broken, it can be 
used with advantage t( cut it down ana punch new 
teeth. The economical ad vartages accruing frcni the 
use of a saw-sharpener are considerable, it being 
capable of turning out at least his much work as six 
.men sharpening by hand, and of bettor quality, and 
the lead ot tcoth and depth of gullet can be exactly 
proi>ortioned. Its use also should effect a total saving 
in tiles, although some operators persist in ‘ touching 
up ’ the saw with files after it has left the machine. 
This pi'actico should always be discouraged, as the 
cutting action of the disc, in addition to engendering^ 
heat ill the points of the saw teeth — owing to the rapidity 
of its motion through the air — causes a cooling process 
to go on at the same timq, which, when the sharpening 
is completed, leaves the teeth with a considerable 
amount of hardness; they consequently wear longer 
than if left > .vith their ‘ skin ’ soft, us is the ease in 
hand-sharpening. The quality of the tunery discs 
should be undoubted, and of not too coarse a grit, ex- 
cept for heavy, rough work. On the early introduction 
of this machine coiishL'rahle disappointment and loss 
Y'as occasioned ^fixuii the unreliable character of the 
discs then lAipplied : this i.i now no longer the case. 
Fig. ‘^1 rejuesent^s a eompaetly designed maoliino, ar- 
ranged tcT shar[>en Ijoth circular ami straight saws, 
l»y Messrs. Thomson, SU3rne, and Co., Limited, of 
Glasgow. 
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For sharpening- ban J-sa.w ^bljidesy up to the present 
time the only rimchiirc ihat^wc arc acquainted with is 
Martinier’s patent, the first of wliose machines which 
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was aclajiliKl for both sluirpeiiinj^^iatLsoltiii;^ tho blades 
was exhiljitt'd in 11*0 Paris riiternational Exhibition, 
18T8. is ingenious, but somewhat c^4iplex in its 
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construction. Whether it will stand the test of time 
remains to he proved. W e believe it has not yet been 
iutroducod into this country. Tlie saw blade is placed 
round two pulleys^ ilnd is sharpened by a small revolving 
disc of steel, which is be ^elled .on one edge and serrated. 
The si\w is brought forxWird a tooth at a time by means 
of a.u automatic feed, ai d held in positioli by a spring, 
which is releiised as each tooth is sharpened,? when 
anotluv is advanced. A. stop-piece is fitted to the saw, 
which automatically throws the*' nuichino out of gear 
when the sharpening is completed. A small apparatus 
was attached for setting the teeth, but of no special 
novelty. 

Messrs. J. A. Fay and Co., of Cincinnati, U.B.A., 
e.xhibited a clever little saw-setting inachim*, which 
gave to the teeth of the saw a blow similar to that 
given by the wc^Vkman’s hammer, instead of a pressure, 
as is u'^ual in most machines for this purpose. It is 
capable of vertical and lateral adjustiiu'ni, according to 
depths and widths of teeth and gauge of saw. The 
amunnt of set is varied by moans of an adjustable steel 
pointer, which is bevelled at the hotbup to the maxi- 
mum set. The "sjaw is set two teeth at a time, and fed 
forward by a paul and lever adjustable to the jutch of 
the teeth. 

For sharpening planing and moulding irons an 
ordinary Yorkshire grindstone, with a water of Ayr or 
Mm ilar class of stone attaelu'd, is still ’gi^iierally used. 
Several atteihpts have bceU made to substitute emery 
discs, and w’o illustrate (fig. 32) a little' macliine recently 
patented by Mi. llaiidyside, of C-llasgow. In the (“(mtro 
of the machine is d wheel suitaide for grinding 'straight 
irons, and at one end of. the spindle four emery wheels 
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adaptcMl for sliari*eiun^ moujdin^ A’oiis are fitted; at' 
the opposite end of the 3pj.iidl<^ is an emery hone for 
finishing xiyrposes. Tlio ’water necessary is supplie<l 
by moans of a small pump, Avorked from th(‘ counter-, 
shaft sliovvn at tin; back <tf tliJ machine. Several ma- 
chiiu‘s vv(Mv shown at the r(‘C(‘’/ .oxliibition in Paris by 
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T'* Arhey on wliit^li were lij^led small )ev#hdiig emery 
discs, arranged to slmrpeh the plane irons '\1thoiit re- 
moving them from their blocks. In *tho ns«#*of emery 
for t ds j^ui’poso very great cnrt^ must be observed, or 
the cutting t dge of* the iron Avill bo made too harl, 
and conlfcquently chip in the Avorkiiig. 
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For sliarpeiui\g long planerirons a grinding-rest, 
with lateral and transverse movement, should be at- 
tached to the grindstone ; ' the iron should be held in a 
frame arranged U, set to any desired bevel, by which 
means the longest iron^.can wjthont diflSculty be ground 
perfectly true. 

^t is very necessary ^hat the grindstone itself should 
be in good order, and true ^ on the face. For mnny 
years,. when the stone became untrue, it was the custom 
to^turn it up with a pointed steel tool. This plan, how- 
ever, is very ivasteful, and in many establishments has 
given place to handy little apparatus for dressing up 
grindstones, patented by a Mr. Brunton some five years 
since. It consists of a steel disc bevelled to a cutting 
edge on one side, and keyed to a spindle which revolves 
i^ a socket attached to a plate, ^he cutting disc and 
plate are mado^to traverse across the ftice of the stone 
by a l}«and wheel and screw. The disc is fixed at an 
angle to the stone, and is pressed against it, the stone 
thus causing the disc to revolve at a speed on its cut- 
ing edge equal to that of the stone. Any degree of 
feed can be put on the cutting disc, . which quickly 
removes inequalities, leaving the face of the stone per- 
fectly true, causing the smallest amount of waste to 
the stone and effecting a considerable saving in time. 

For gi-iiiding moulding irons some four Bilston or 
other sandstone grindstones, of some 18 inches diameter, 
ohould be mounted on a spindle revolving in a trough. 
These should be turned up_,to fit the outlines of the 
various mouldiqg irons. In addition to these four 
stones, t^\o other fine grit stones are usually attached, 
to give the irons a fine cutting edge after they have 
been reduced on the shaping stones, 
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CHAPTER ^XXV. 

HAND-POWEE MACHINES. 

One of the most general operations in joinery is that 
of mortising, and there are few but the very smallest 
establishments that cannot employ a machine driven 
either by steam or hand economically. It is a matter 
of some doubt when a machine for mortising was first 
made in this counJry. Probably rotary machines driven 
by water power were in use at the «nd of the last 
century. However that may be, Benthara in his speci- 
fications in 1793 distinctly claims both i eciprocating 
and rotary machines ; and it seems that he, in con- 
nection with his brother, Jeremy Bentham, was com- 
missioned songie few years later by the Government to 
fit up several of the dockyards with maohi iery, amongst 
which mortising machines are mentioned. In the first 
thirty years of this century little or no progress was 
made, and very little appears to ^have been done in 
manufacturing machines for sale. Even in the year 
1848 the maj;iv3acture was confined to a very few firms 
in this country, amongst^ which we may ftame the fol- 
lowing as the i^ost important : — \^^orssan.,* London ; 
Horn, London ; Powis, James, and Co., Londmi ; Robin- 
son, R#chdale ; Furness, Liverpool •, McDowall, John- 
stone ; J^orrest and Barr, Glasgow ; and most of these 
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made only on a veryamall gcale. •When we compare 
the lar^e establishments i^ow in operation, and the 
great rangp of machines turned out, we cannot but 
admit that sawmill engineers have, to say the least, 
kept pace wjth ar^y otlieitbravoh of engineering. 

A mortising machine worl^l \)y the foot lyas in- 
vented by JSkfr. John Mortimet, of Aberdeen, im the 
year 1^47 ; and the hand^power lever mortising machine 
was introduced into this country from Anierica®by Mr. 
Coulson, of York, abdut the same time. 

The mortising and boring machine we illustrate 
herewitli (fig. 33), although somewhat '’modernised, is 
substantially the same as one brought out by Messrs. 
Wilson and Lewis, for the firm of Powis, James, & Go., 
in the year 1852, ^nd for the combinatio'ii of the opera- 
tions of mortising, tenoning, and borihg in one machine 
letters patent were granted to them, ^he illustration 
does not show the tenoning arrangement, which, how- 
ever, is easily added. As a strong, well-made machine 
it compares favourably in the ratio of six to one against 
hand labour with chisel and mallet ; the wonder is, in 
these high-pressure days of cheap production, that they 
are not more universally used than "Uiey* are, as they 
would pay a. handsome interest on the amount invested 
if they were idle one-half of the year. 

The action of the machine is# easily understood^j 
Motion is giv^n to the chisef by a counterbalanced 
forked* lever*(worked by one or both liands), which iS 
connected with a gun-metaf cross-head at the Jop of the 
vertical spindle two wrought-iron iouble eye-pieces. 
The wood to be mprtised is placed on a table imme- 
diately beneath the •chisel. This table can be worked 
by the^arore hand-wheel, which is nerhana the moat 
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convenient for light work^ but for heavy work a self- 
acting arrangement can be vsed with advantage. This 
self-acting motion is gained by a side rod the 
forked lever, acting by means of a stop-piece on another 
small weighted lever, at |he enl of which is a wrought- 
iron pa il, acting on 'a .t| othed wheel which is fixed to 
a spindle. A pinion on 'this spindle works in a rack 
beneath the table ; thus, wheil the forked lever' is in 
work, a lateral motion is given to the same. It is 
easily thrown out of motion when &ct wanted by moving 
the stop-piece. The chisel used is of solid cast steel, 
tapered somewhat on back and sides, which, after trial 
of hollow and many other forms, is undoubtedly the 
best for all practical purposes. It has a plain tapered 
end fitting into a socket. Some maki^rs fit a ‘ feather ’ 
on ‘to their chisels, with the idea of always keeping 
them square to fhe work. 

This* I do not recommend, as after a time the 
‘feather’ is apt to get loose or twisted. Forked or 
double-mortise chisels hai‘e also been tried, but with- 
out much success. This machine is adapted for doing 
any kind of mortising in soft or hard v/oodsj in the 
latter, however, it is necessary a hole should be bored 
in the line of mortise to clear the chisel. It can be 
worked by unskilled labour, hence its great practical 
’^alue in the Colonics as *»well as at home. In fixing 
the chisel to commence work, press it up in its socket ; 
making a light indentation in wood, reverse chisel, and 
bring same down again, anS 'note that it falls square 
between gauge-liifcs. In wedging a nlortise, it is only 
necessary to raise one end of wood apd make the wedge 
cut before removing same. To take the jar oflF the 
cross-head at the top of •/ertical spindle (which is cou 
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siderable in hard wood) an i^idia-r libber washer about 
an incli in thickness is htt^d cu spindle immediately 
beneath it. , The boring motion needs no explanation, 
it consisting merely of a pair of bevel wheels worked 
by a handle hich gi'i es if rotai'y motion to the spindle, 
and an auger^is inserted in thej|spiAdle socket ir* place 
of a chisel. The tenoning arrangement consists lof a 
pair oT adjustable bevellted knives, fixed to a forked 
tool-holder, fitted into the chisel socket, and vTorking 
in a slide fixed to the 'oable. 

The operation is the same as for mortising; the 
wood, however, is cut away on the edges, and the tenon 
is left in the centre. Tenons can be cut rapidly in this 
manner, but great care is necessary to keep the knives 
in order, as they^re, even with careful management, 
apt to spring, thus cutting an untrue tenon, thicker at 
the bottom than at top. When mortises o* tenons 
have to be cut or holes bored at an ang^?, the table 
which holds wood can be arranged to cant and fixed to 
any angle desired ; by means' of a quadrant and pointer 
worked by a worm and worm wheel, it can also be made 
to rise and fall when the work varies very much. Some 
few machines worked by the foot are iii use ; they may 
answer tolerably for very light work, but for the general 
rough work of a builder’s establisliment^they are of 
little value. 

In 1861 AJr. Jackson, of Leeds,,, patented some 
improvements . in the method of operating hand-levdi* 
mortising machines. 

In the year TL876 Mr. John PhMlips, ot London, 
patented some improvements in hand mortising ma- 
chines, the chief of which was the mounting of the 
hand iM^er at the upper end a rocking fulcrum bar. 
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Recently also a niacline has Lee) !• patented with two 
separate vertical slides (one ^lohlinpc the mortise chisel 
and the other the core driver), tilted to the main 
standard of the machine. These are worked by two 
separate lianfl-iov'^rs. attached to which are the rock- 
ing* side-rods, ''dnoh rdlovv thi' ch'ft?cl to have a greatly 
increased stroke, thus obviating the necessity of rising 
and falling the table top suit different thicknesses of 
stuff. The chisel has a stroke of 11 iindu's, sihd this 
plan should he foiiiul advantageous vl-.eii mortising 
right through a piece of wood; but when a mtrtise 
is to be made only half-way through, the ordinary 
form of ma(diiu“ is pnderable. Various minor iin- 
provcinents have been introduced into hand mortising 
machines by Hai^h, (r. Wilson, Green, and others. 
Tn the present year (1879) Mr. J. Phillips lias patented 
ail improved revolving tool box, especially adapted 
for mortising inarhines. The different toi ls en ployed, 
such as the mortise chisel, cure-drivei*, tenoning tool, 
and boring hit, an* fitted to the tool box in a simi- 
lar manner to the have of a avIkm*! with four spokes. 
These are armiged to turn round on an axle, and are 
hold ill any desired position by nieaiis^«^f a spring bolt. 
Thus after a mortise is cut the box cun la* revolvt‘cl, 
:iud tin* core-driver brought into [>osition^to finish the 
mortise at once, obviating eoustaiit alteration 
tools or movinjr of wood. This arraiifroinent is now 
being introduced by W. R. Reynolds and Co.. London* 
Hand-power saw beiichds with ard wifliout combi- 
nations of band sJlwdng machiiu‘s, &c.,%have been of late 
somewhat extensively introduced; and for (ight work 
and wht*re steam is not availabfo they are doubtlessly 
of considerable use. The machine herewith illustmted 
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(lig. 34 ) is from the designs of Akssrs. G. Pbwis and Co., 
Alillwall Pier, E., who are, we believe, tlie original in- 
troducers of these combinatfcns ; its working is simple, 
and is easily understood from the engraving. The cir- 
cular saw is driven by a .belt from the fly-wheel shaft, 
to whiob also is fitted f^|t and loose pulleys to drive by 
steam if desired. This motion is easier and considered 
far preferable to the method pursued by some makers, 
of geafmg a toothed wheel directly into a pinion on 
the "saw spindle. The spindle istfitted in a slide, and 
aiTangod to rise and fall for the purposes of grooving, 
rebating, &c. "One end of saw spindle is bored to re- 
ceive augers. 

A very useful addition to the macbine is the small 
cross-cutting slide shown on the top the bench. The 
band saw is arranged to run over three pulleys insttJad 
of two, whicli IS an improvement, as ‘ it renders the 
tension « on the saw much less than it would be when 
running over the small wheels, and the breakage ot 
saws is considerably lesssned thereby. This machine 
is worked directly from the spindle, and the necessary 
tension is given to the band saw by a spiral spring ; 
the table is aisb , Arranged to cant to 45® for bevel- cut- 
ting. This machine should be useful to chairmakers 
and others who do much light irregular sawing, espe- 
(.cially if worked by steam-, An improvement in working 
hand-j)Ower bei\ches hds recently been^ introduced by 
Messrs. Olley^ of Southwark. In consists i« making the 
circular Siiw to cut up-hill dgainst the wood instead of 
down, l^y this iiieaus the drag on the* saw is very much 
reduced, tne driving power, of course, being lessened 
in proportion. 

Several forms of hand mitreing machines fbhf shoot- 
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in^ ’ the luitres ot picture fra^ues, &13., have been con- 
structed, with more or less success. One of the first 
machines made had a motion directlv vertical to the 
wood ; this was secured by a pair of right- and left-hand 
knives fixed » ) a ^aat-iro^i block working in a vertical 
guide, and operated on by a levtV ; t^is gave an up-and- 
down or ‘ chopping * motion. The knives were set to 
an angle of 45°, but with* a little alteration the angle 
could be varied, if desired. The knives requiretl con- 
siderable care to enable them to cut any Ifingth of time, 
but some operators oven now pnifer this machine to 
others of more recent date. 

Some six years since a patent for an improved 
mitreing machiiiO was taken out by a Mr. Shute, of 
London, and we l^lieve considerable numbers of this 
machine have been made. The improvement claimed 
is that, instead of the ordinary vertical action across 
the grain of the wood, the moulding to be upei^ted on 
is set on edge and the knives made to cut in a diagonal 
direction, thus operating more or less with the grain of 
the wood instead of across it. 

A double mitre-cutting machine has also been re- 
cently patented by Mr. Bowman, of London. In this 
machine two cutters are arranged in slides, working 
diagonally at right angles to each other : .these cutter 
slides are worked by means of a le\^r and two toothed 
vvheel\ wliich ^ear into each other a«d into racks of 
corresponding pitch, which^ are fitted to gitlier cutter 
slide. The knives are capable of cutting the moulding 
to a required length, and at the same liime m^keing it. 

Several other machines have^fieep made, the knives 
being givgn a horizohtal motion, &c., but we are afraid 
the madfiine has yet to be invented that will cut true 
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for a continuance without splinteing or leaving ragged 
edges — say, bolectiou or gilt mouldings, for instancd". 

There are some few machines made for {••et-cutting, 
boring, &c., by iiand or foot power^ but as they are 
chiefly used for light ornamtental work, .they hardly 
come M^ithin the 8col>e,olf this wOrk. 
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CORKWOOD- WORKING MACHINERY. 

The writer has recently spent a considerable amount of 
time in perfecting several machines for manipulating 
cork wood. This, owing to its elasticity and yielding 
properties when under the action of the cutters, is a 
difficult material to operate on. For rounding cork 
wood for bottle Sorks, bungs, &c^ tlie best idpn to 
pursue is to mount in an adjustable siide with a hori- 
zontal motion a plain steel knife some 18 inches long, 
which can be kept constai.tly sharpened by means of 
small revolving emery wheels bearing directly on its 
cutting edge. The cork wood to be roundi'd is secured 
between spring chuck centres, and wlier horizontal 
motion is given to* the knife a rotar}^ liiotion can be 
imparted to the cork wood by means of a lever and belt. 
The slide carrying the knife should be arranged to 
swivtl. and be adjustable to varying sizes <.^f corks, and 
al%o adjustable vertically at eiflier end ; thus by lowering 
the slide at lon^ end and making the knife to traverse 
diagonally taper as well s^s cylindrical ^rks can be 
cut. Chucks titled with several stee^^needle-Joints are 
to be preferred for general purposes, as the •dork wood 
is very Rapidly fixt?d in them iviid the slight indenta- 
tions u^de by the steel points disappear. The chucks 
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lc„if,. jjrouikl sharp at ita pcripherr, and the corJpwood, 
which cut in the first matance to the shape the 
sheets are req\urtHl, is fixed in #i movable chuck-plate, 
arriUigt’J to tovoko l)>- hand and fitted mih an ex- 
tremely delicate feed-motion for bringing the cork wood 
to the knife, or rtVa versa, 

Cork wood is largely employed in the manufactnre 
of different kinds of floor coverings, sxxch as corticine, 
&f. For this purpose it is necessary to reduce it to 
the very finest 'powder, such as would' pass through a 
70-mesJi sieve. The production of this must be set 
down as perhaps the moat diflicult of all operations in 
wood conversion. If it is passed through a high- 


speed disintegrator, making some 3, >500 revolutions 
per minute, the bulk of the product is, far too coarse 
for the purpojet required. Ordinai'y edge-runners will, 
with sifting, pro'duce the required fineness of powder ; 
but this is at the best a very slow, and therefore an 
exixensive, process. , The, writer has made a variety of 
“■experiments in this direction, which have more or less 
failed in their object ; but he is now engaged In con- 
structing a’ machine in uliich rubbing and cutting 
actions are combined, and he has so fur every reason to 
believe this arrangement will have the desired result. 
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KISOELIiAKEOnS MAOHINEBT FOB WOBEINO V«OD. 

• 

A LAEGE number of macnines have been produced from 
time to time for performing the many special operations 
required in the conversion of timber. Many of these 
machines are made for or by the users, and often em- 
body in tbcir construction points of great ingenuity, 
which the owners keep to themselves. Possibly in 
these days, wh«n the rule seems to be^‘Live on otlier 
men’s brains if you can, if you cannot use your own,’ 
they may not be much to blame in not making known 
an idea from which, owing to more rapid and econo- 
mical production, they derive an extra gain. These 
inventions or improvements are usually mode by small 
masters, or men operating the machin€;,s,<,who, owing to 
slender means, are nnable to pay fhe high rate of 
patent fees in vogue in this country to protect their 
ideah, and have perhaps found to their cost, in conjunc- 
tion with many others, thal; *the* recompense arising 
from workii^ltor the public good insfy be repres^ntqjl 
by the algebraic term z, • America, on <he contrary, 
rejoices in a low#patent rate, and dojibtless this has its 
objections; but we think it may^be cited a»t>no of the 
several* reason a wl/^” America i» enabled — although af- 
fordiuf^hov producers a higher rate of pay — to compete 
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with na successfully at our very doors.* lu many of 
the machines of AmericaNi construction known to the 
writer, although they arc certainly not superior in 
design or worknli^nship to English-made machines of 
the same class, tlu'y seem to 'him to ‘bo carried further 
and made more complete in tlw^ir general details and 
range of operation, small and effective * notions ’ being 
introduced; increasing Htth* the first cost of tile ma- 
chine, Amt adding greatly to its economic production 
wlv^n mnltiplied bv a series of nonths or years. 

Amongst ■miscellaneous machines for converting 
wood tho/»e for finishing th(‘ surface by means of sand 
paper are deserving of mention Tliese vary in con- 
struction according to the nature of the worlc r(‘fjuir<}d. 
For finishing doors or otlnu' large surfaces usually a 
number of flexihh*^ arms are attachotl to a column or 
bolted by ineaiiA of a bracket to a wall.' By the U8i‘ of 
elbow joints these arms are arranged to move in any di- 
recti(»n. The sand paper is fastened on a disc, wliich is 
mounted on a vertical spindh*, and roeeiv(*s motion l)y 
bolt gear. A flat surface is thus presented hy the sand- 
paper face of the disc to the wood. The article to be 
finished is plecod on w. table immediately bmieath the 
revolving disc, wtiich can be adjnsled to different thick- 
ne«ises of work by a Inind wb(‘el and screw or other 
suitable means. The pressure of the disc can be regu- 
lated bv a ^[»ring,and an exhaust fan should lx» attached 
for the removal hf the dust, tlius enabling^he operator 
to see at a ghinct* when tho right amount of finish is 
attained. For straight, flat Mirfacesithe sand paper is 
sometimeV mounted on a cylinder (»r drum placed im- 
mediately below a table, but part of its pt ripliery 
projecting slightly ab(»ve its surface. The w od can 
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either be pasayed ov(ir the ^aoe of the dm 111 by hand or 
a self-acting roller fee^ can b§ fitted, similar to that on 
a light planing machine. #'1110 face of the dram on 
which the sand paper is fixed shonlibc covered with 
some inoderatei} flexible material, and the drum should 
be adjustable) verfccalhy’ \o vary ^fie amount of the 
cutting a<*.tio» of the sand papeiv 

For turning brocun handles and such like •cylindrical 
rods several machines are in use, varying chiefly in 
the arrangement and shape of their cutting tools. ]g*or 
rounding purposes a hoftow mandrel is usually employed, 
into which hollow chucks arranged wi^li knives are 
fitted ; these chucks vary in their bore according to the 
sizes required. The wood to be rounded is either pushed 
through the chuck and mandrel by hand or by the aid 
of self-acting feeding gear. One pattqled by Messrs. C. 
B. Rogers and (i)., of Norwich, and sliown at 

the International Exhibition in Paris, 1878, is some- 
what novel. It is self-feeding, but does away entirely 
with feeding gear, the cutters being arranged in the 
hollow mandrel through which the wood passes in such 
a manner that a kind of screw feed is given, which, 
after the cuttera first strike the wood, guys it through 
without extraneous aid. The mandi^l is speeded to 
make 3,000 revolutions per minute. 

A* very ingenious machine for turning Oars was in- 
vented and patented by one Ezekiel l^age, an American,^ 
in the .year 18^2, by which he was eiTabled to sliape^ 
two oars out of a piece of \vood where onei only before 
had been obtainec^ the remainder be^ig cut to waste. 
Our space, however, unfortunately^ forbids ai» Extended 
notice. .About the ^ear 1855 a •machine for dressing 
oars ou^yteele’s patent was erected at the Royal 
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Dockyard at Chatjiam; The wood* was first roughed 
out by two sets of circular saws mounted upon swivel- 
ling cylinders, arranged to’ turn on their centres, whilst 
a sliding bed all«/wed them to advance or retire from 
each other by the action of jn adjudable 'feeler bar’ 
or tracer. After the wood passed through this machine 
it had the general outline of an oar, but \Vith rectangu- 
lar section ; it was then pass(‘d to a finishing nv;ichine, 
when the loom and blade were finished simultaneously 
by, two sets of cutters. ^ 

Mr. G. L'. Molesw’oith, in his paper read in 1857 
before the Inaiitute of Civil Engineers, mentions several 
machines for sawing curved ship’s timbers, including 
one invented by a Mr. Hamihon, of the United States, 
and another by ^1. Normand, of Havre. In Mr. Hamil- 
ttui's machine two straight saw-blades were attached 
to buckles amu.iged to turn on their 'centres whilst in 
motion. These saws were mounted in swing frames 
formed of holhnv wrought-iron bars, to combine strength 
with lightness. In one large or external swing frame 
tw^o internal swing frames were arranged, with a. trans- 
verse sliding inotivui ahmg the external swing frame. 
Each r)f the *awvs wduch were mounted in the internal 
sw'ing frames were turned on tludr centres, and guided 
by tlie workman to any line marked out on the timber 
by a forked lever of wood apjdied tt> the back of the 
saw. The timber was arranged to swdvel on its axis by 
uueans of gearing, thus enabling a var'iaj^le Ijcv^d t(> be 
cut as it wa‘s fed forward. • 

A method f()f’ ensuring ac(!uraev in sawing ship’s 
limbers varying bevel, obvia-tiug the necessity of 
trusting entirely t<e' the eye of the workman, is 
worthy of notice it was invented by a Mr. (irb;ecn some 
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ftve-aud-twenty years ago. The machine was fitted 
with a small roller, worked Hy .mitable gearing, and 
the travel of its periphery was made proportional to 
the feed of tin. *^^imber through the S8^vs, A tracer was 
attached by arinVf to the^ swivelling centre of the log, 
and indicated any bevel given to the wood. A small 
diagram of the required bevel was drawn to scale ^nd 
wound Vound the roller;* the tracer was kdpt on the 
lines of the diagram as it slowly revolved by mr ans of 
a screw, and the log wrs cut to a bevel corresponding 
with the diagram. 

The novelty in M. Normand’s machine for cutting 
ship’s timbers consisted in the method employed for 
supporting and feeding the timber. The log rested on 
four horizontal rollers, which were capable of moving 
ill the same plane, so that their axes may be either 
parallel or in su(;h a position that the hnagina,ry lines 
formed by the production of their axes shall meet at 
the centre and be portions of radii of a circle of large 
or small diameter, as required. By means of a handle 
the positions of these rollers could be altered, and the 
log caused to travel through any segment of a circle, 
the centre of which was indicated by 4:h3 roller axes ; 
and as this centre could be altered whilst the machine 
was in motion, the curve described to could be varied 
to Jiny extent. A frame, upon which the "rollers were 
supported, was arranged on a loiigitudinal axis, so as to 
bo canted with tlie rollers and the log to aTiy desired^ 
angle. A ratchet movement was added, to make this 
movement sclf-acMng if required. 

Amongst other machines inciitioned iii this in- 
teresting paper was a simple one lor rounding wood 
for broom* handles, t^c. This^was the invention of a 
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Mr. Wilson, liuthis niacliii^^ a cylindrical gauge 
cutter and a paring too^ in the form of a disc were 
employed. They were arraiiged to turn in their sockets 
as required, tliu^ •presenting continually a new cutting 
edge. 

In 1868 Mr. Ji Sanders, of New York, patented 
a sqmewhat jiovel combination of circular saws and 
cutters foi^ mitreing tlie joints of rectangular frames, 
such iw are used in looking-glasses, pictures, and win- 
dow frames. At either end of a spindle, which revolved 
in hearings hied at the top of an iron frame or table, 
was mountec> an annular circular saw\ These saws 
were not mounted in the usual way, but secured to 
turned wrought-iron flanges or washers. These flanges 
were bolted to hollow circular cqtter-blocks, which 
w^re fitted with tlfree or more plane irons, arranged to 
project slight!}'* beyond the surface of the saw plate and 
plane tjie joint of the mitre smooth after it was cut by 
the circular saw. These plane irons were fixed in 
recesses in the circular cutting block at an angle of about 
15 degrees to the face of the plate, and kept in their 
places by means of wedges actuated screws. This 
plan leaves avbav space for the discharge of shavings, 
&c. The wood to be jointed is placed on the frame, 
sliding horizontally on the top of the table, and fitted 
with fences ^it an apgle qf 90 degrees to the face Of the 
saw. This sliding frame is fitted with stop pieces and 
4ndex plate, by *which the lengths of frames to be 
jointe«l can* easily l>e regulated. The sliding plate 
works luhgitudirvxlly on V’s, and can either be pushed 
past the*i?liws and outters by hand or self-acted by 
means of a rack ahd finion actuajbed by worm gearing 
fixed on a countershaft ^t one end of the marline. 
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[u 1858 Mr. W. Kendall,^ of BlAwith, Lancashire, 
book out a patent for imprc;- eements in machinery for 
burning aiir^ hollowing wooden boxe?, or cutting out 
solid \,oo(l Into boxes or other receptacles of a like 
3lass. IMie apparatus cobsisted in general form of a 
liorizontai sp^idle, carrying a species of chuckt which 
was fitted with a projecting circular gaiige of the^size 
of the^ outside of the box to be hollowed. In the 
centre of the chuck and gauge was a cutter made up of 
a small tool, fitted into a second revolving chuck in 
auch a way as to permit a small portion only of the 
cutting edge to project. The wood blank is turned in 
a separate lathe. This blank is placed with its axis co- 
incident with the axis of the cutter spindle ; it is urged 
longitudinally forWai’d by a runner its end being in- 
serted in the gauge, whilst the revolvir^- cv.tter scoops 
out the wood. The cutter and its position as regards 
the centre of revolution ./ere so arranged as to cut the 
hollow to the required gauge of box. 

Amongst miscella.neous wood- working machines 
must be mentioned Messrs. Greenwood and Batley’s 
machines for manufacturing gun stocks and other war- 
like materials. Several series of thes« machines have 
been erected by them for the Government at Woolwich, 
Enfield, and elsewliere, leaving little in the manufacture 
of a gun stock to be performetl by hand, the recess fo: 
receiving the lock even being cut oul: by mechanical 
means. This operation is novel and some^yhat difficult 
to perform. A series of five cutter^ are mounted on 
five separate spindles, each fitted in a separate slide 
arranged in a rotat'ng circular frame. Each slide has 
a vertical ,and horizontal movement. The gun stock 
and a hardened steel model of the recess required to be 
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cut are fixed on 'a table sliding horizontally at right 
angles to the horizontal ^ motion of the cutter slides. 
The cutter spindjles run at a high speed, an(l are brought 
into operation in succession, and by compounding the 
motions a*y shaped recess 'can be; accurately formed, 
each gutter being governed by ti ‘ tracer ’ which travels 
ove-‘ the surface of the required model. 
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CHAPTER XXVTT1. 

MTSOELLANEOUS MACHINKUY FOK WORKING W90D — 
f contimied. 

Severai^ attem])ts have been made to supersede manual 
labour in felling trees in the forest, but, owing to the 
difficulties ot situation or manipulation, hitherto with 
only qualified success ; and although possibly under 
special circumstances mechanical Veans may be em- 
ployed economically, wo artj of opiniofi tliat the day is 
far distant when the sound of the woodman’s rf,xe will 
be banished by steam machinery. Inventors in this 
direction include Thorapsoji, Fous^que and Cordes, 
Ran some, and others. Thompson exhibited an appa- 
ratus for this«purpose as far bach as our International 
Fjxhibition of 1862. This consisted 4)f a couple of< 
saws lot into an endless band reciprocating between 
two^pulleys. One pulley was fixed on cither side of the 
tree*to bo felled, and one of fjiem y^as arrifnged to pivot 
in a circular segment al slide* concentric with the stS- 
tionafy puWey. The saw was fed into th(' tr.ee by 
shifting the saw frame Inwards it radililly upon the 
fixed pulley as accoutre ; after the tiV‘C was cut half-way 
through the saw was moved to the other ^fdc and the 
operation repeated « 

A few years since Moss’s. Ransome and Co., of 
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London, patented & machine for" felling and cross-cut- 
ting trees. This machine^ briefly consists of a steam 
cylinder of small diameter, but arranged ^ith a long 
stroke. This cyfinder is mounted on a wrought-iron 
frame, and arranged to pivot by meaViS of a. hand wheel 
and wqfm, gearing 'into a toothed quadrant fitted to 
the back of the cylinder. The saw is fixed directly on 
to the end of the piston rod, and arranged to travel in 
guides j the teeth of the saw are formed to cut only 
duping the backward stroke. The cylinder is supplied 
with steam from a portable boiler by means of flexible 
tubing, and the machine, when used for felling, is at- 
tached by a screw to a trident-pointed bar driven into 
the tree itself. After the saw has progressed some little 
way ill its cut wedges are driven into* it, to prevent the 
saw being pinched or buckled and to guide the fall of 
the tree. Four men are required to manipulate. 

Another method of felling trees by means of re- 
volving cutters has recently been tried, but without 
much success. The plan' pursued was to mount in a 
frame a lever carrying twc> arms, which wiu’e adjustable 
horizontally to the size of the tree. On these arms 
were mounted VcVplving cutters, which made an incision 
into either side of the tree ; to keep the machine taut 
a chain actuated by a winch was attached to the fwine 
jnd encircled the tree. 

A portable tree-feller and sawing < machine was 
ffciteilted by W. H. Smyth in 1878. It cohsisted of a 
reciprocating saw, united by a connecting-rod with a 
cross head^ workin^g on guides. The guides are loosely 
united at their rear end with the driving axle, so that 
they move round it as a centre as the saw makes its 
cut. The driving crank is formed in this axle feetween 
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the guides, and is coivnected with conneciing-rod. 

A lug on the latter actuate a paul gearing with a 
ratchet on the end of a spindle, to the other end of 
which is fixed a pinion gearing with a rack formed on 
the frame at the upper end of the machine, so that at 
.each stroke the saw is fed forward hito the cut. . 

In 1874 also Fous^ue and Cordes, of Parisf pa- 
tontett-'*an apparatus for outting down trees. 

An antifriction or rolling cam-press for exifracting * 
the stumps of trees, fthe invention of Mr. Dicks, an 
American, should be mentioned ; although it has never 
come into mucli use, it was of great strength, and 
possessed several features of novelty and interest to 
engineers. 

During the erection of our International Exhibition 
of 1851 a series of machines were designed by Paxton, 
Birch, Furness, and Cooper for cutting gutters, shaping 
hand rails, sash bars, to,,., and sawing, plan log, and 
moulding the various wood wwk used in the erection. 

A considerable number of patents have been ob- 
tained in connection with carving machineiy. Mr. 

J. Gibbs obtained one in 1829 for a machine for 
shaping and recessing in low relief, shaping busts, &c. 
Irving’s patent in 1848 consists chiefly of improvements 
and modifications of Gibbs’s, but he claiius all com- 
binations for carving in which the swing frame carry 
ing the cutters and table carrying the wood have both 
circular motions. 

Jordan^ well-kiy)wn system of carving machinery 
by means of revofving tools was patented in 1 845. It 
was extremely ingenious and nbvel in many of its 
working* details, bul, being somewhat complex and 
elaborate, has never come ink) extended use. Sopie 
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ten yoiira after a oarving machine was iriveiited by M. 
Mathien, a French euginbcr. It was made up of four 
motions, consisting of the direct rotary action of cutters, 
a traverse motion, and a transverse motion of cutters 
and a raising and lowering action of! the wood or other 
material under treatment. 

A numbercof machines have been designed for the 
manufacture of wood interiors of railway carriage 
wheels. Complete sets of machines for this purpose 
have been erected by Messrs. Q.reenwood and Biitley, 
Robinson, t^c. 

Messrs. Greenwood and Batley’s series of machines 
includes an upright circular-table planing machine for 
planing the blocks of wood for the iut('rior of the 
wheels before being jointed into tijh-s. 'fbis machine 
wrs arranged with a horizontal rotating table, tithed 
with dogs for ’holding six blocks of 'wood. On each 
side of ft his tabh? is a standard carrying a slide with 
headstock and vertical spindle ; the lower end of this 
spindle is fitted with a rota-ting ann and cutters, similar 
to a Bramah plauiiig machine. The table is made to 
rotate slowly, and each block of wood is brouglit in 
succession irtidgr one of the cutter arms, which sur- 
faces it on the upper side ; the block is then reversed 
and again passed under the cutters ; it is thus planed 
to ail accurate thioknesst The cutter beads are made 
adjustable to v^irying thicknesses of wpod. In another 
’machine the operations of sawing, teiioniug, anti adzing 
the blocks are combined. 'The blocks or tabs are sawn 
to the outside dfiameter by means of a band saw. Ten 
tabs are held in a ‘horizontal rotating table, which, 
as it ndates, brings tlie outer edge of the tab 'm contact 
with the saw. The *flaw is arranged witK vertical, 
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lateral, and canting Sdjuatments fo cut the tab to the 
required diameter and bqj'el. In the interior of the 
before-memtioned table a jigger reciprocating fret- 
saw works and c^uts the inner edge of the tab to the 
required dfe meter of the nave boss of the w^ieel. The 
table contiifuiiig to rotate slowly, tlie periphei^' of each 
tab, after being sawn, is brought under the, opera Inoii of 
a pair of cutters inouiAed on two adjustable spindles 
working horizontally, which rebate the tab Sn either* 
side. Following this,*the periphery of th/^ tab is operated 
on by planing cutters mounted on a vertical spindle 
which smoothes the sawn surface, and another cutter 
mounted on a vertical spindle chamfers off the interior 
edge of the tab to fit the corner piece left between the 
flange and the bSss of the nave. 4-3 each tab is finished 
it is replaced by another. 

In Messrs. E-obinson’s machines for making ‘ Man 
sel’s patent wheels ’ the blocks of wood are tdged and 
divided on a circular saw bench with two adjustable 
fences, which can be placed at any desired angle to each 
other ; these are arranged on a dovetail slide, which is 
carried through the saw by a screw and bevel gear witl^ 
quick return motion, and is so arraitj^ed that it is auto- 
matically thrown out of gear as each block has passed 
th^saw. Another machine of this serios*is arranged to 
bore out the centre of the 'wheel to receive the b. rfs. 
The 4 nain jjoftng spindle is fitted wiuh a screw, whijh, 
in addition to bringing tlje spindle dowik *^0 its work, is 
used for forcings tHe boss of the w|jeel into the centre. 
The circular table is made to revolve hor:j:mi tally, and 
fitted dwith a catdi which divides accurately each revo- 
lution^ the table *in to as many parts as there are holes 
required for bolts to secure* the boss of ihe wheel in 
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its place. These holes ar^ bored by a supplementary 
spindle. 

A number of fnachines for cutting niauch splints 
have been made, including one patented by John Long, 
of Glasgow, in 1865., The improvements herein con- 
tained l3late to an arx*angement and coihbination of 
certain parts of mechanism, and have for their essential 
object the cutting or dividing of timber with rapidity 
into small pieces, such as those used in the manufacture 
of lucifer matches, pencils, or other generally similar 
purposes. The ^apparatus consists of a strong iron frame, 
in the lower portion of which the main shaft revolves by 
means of a belt actuating a pulley fixed thereon. At 
one end of the shaft a fly wheel is fixed, at the other 
end a crank or catp is attached, and a connecting rod 
extended from ^his to the movable Hock or frame 
carrying the knife or knives by which the vertical cut 
in the wood to be divided is made. As the cam or 
crank revolves, its eccentric or circular motion is 
converted by means of the connecting rod into a 
vertical reciprocating motion of the knife or knives. On 
the top of the ^fr^jimework V or other shaped slides are 
fixed, and on these travel the saddle or table carrying 
the pieces or blocks of timber to be divided. The table 
is furnished with two gutters above, into which the 
blocks of timber previously cut to the required shape 
a|;e placed. The table is caused to travel Jiorizontally 
on the slides, and thus the faces of the two blocks being 
cut are alternately, brought in front rof the knife or 
knives. horizontjil movement is imparted to the 

table by means of a cam fixed into the maiu shaft. 
The cam is grooved, and into this groove enters an 
antifrictional . toller on a stud projecting from the side 
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of a strong l^ver. Therefore as the cam revolves the 
lever is caused to vibrate: ^.iid its upper end being 
coupled to the saddle or taliie, the two blocks of wood 
impart th(3 fteceasary horizontal inotiap- to it. Attached 
to that portion of the framework in which the vertically 
acting kiiif(^ or knlves^are located a projecting set or 
sets of knives, which cut into the blocks of '^ood as 
they alternately travel before them. By these nfeans 
the wood is first divided into a number of horizontal 
strips, needing only the downward motion of the knife 
to separate them in tlie form of rectangular bars from 
the block or blocks of timber. The splints are thus at 
once produced in a state fit to bo used for any purpose 
before described. As sooiiivas one downward cut has 
been made, the table travels back to its former position, 
and the other block is similarly treated. It should be 
mentioned tliat^ the table is fitted with two ifets of 
forwarding gear, by means of which, as soon as one set 
of splints have been cut off the block of wood, it is forced 
on a distance sntheient to ailjow an equivalent portion 
to be divided or cut off foi- the next set of splints. 

Our illustiations (figs. 35 and 'hi) represent a ma- 
cliine designed by Messrs. HichMrds ai^d, Atkinson, of 
Manchobter, for sawing to exae*.t fiiiTsUetl dimensions. 
For this pnr])Ose especial care hus b(*en taken to ensure 
the itfmost accuracy in the working details.* As will be 
seen from the drawing, two saws are mounted in*if 
swinging frannf, either of which can re?ldil> be brojighh 
into use by the worm gearing for ripping, c%oss- cutting, 
or grooving, as be desired. Tl%3 drivinjj band is 
so arranged that it retains its proper driving tension at 
any position of thft saws. For# cutting out printer’s 
reglets, f«^urate pattern, or other similar work this 
machine should be of considerifblc service^ 
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Oiir fipaci' precludes run- noticipj; the variens iin- 
Jiroveiiienls introduced into .vdinary latlies for turning 
wood, but wo licrcwith illu.f(,rat(i one (fig. 37) designed 
for copyiii^» special 9 ,nd fix(,‘d worko by F. Arbey, of 
Paris. P is cou^^ucted Jbr cutting twisted or straight 
lJuhngs, uiul^other ornamental wcu-k usually found in 
various kind.* of furniture, such (is the bgads aifd flutes 
in tabki legs and column^. Although the patterns*it is 
capable of copying appear sonlewhat comi.ljix, the 
action of the machine k positive ; but it can be altered 
and varied very considerably. The speed* of t!ie cutters 
IS adjustable to suit different kinds of work, and the 
designs are readily altered. Altogether it inusi be 
held to be a ^ery fair example of its class. 
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CHAPTER XXIX. 

MOTIVF, POWKR FOR DRIVING WOOD-WORKING MAOHINERT. 

The eai'liost Riotive power used for driving wood- work- 
ing luachinery was that produced by the water-wheel 
and wind-mill. The latter has entirely fallen into disuse ; 
but a great number of water-wheels are still in opera- 
tion, and, where sufficient water can be obtained, it is 
undoubtedly the most econoiuical power available. 
Turbi.'es and other forms of water enghies have of late 
years been introduced, with more or less success ; but, 
as a sufficient fall or head of water is seldom (o be had, 
steam must of necessity be the power most generally 
employed. The different types of (uigines are ‘ as thick 
as leavt^s in Vallambrosa ; ’ and when a user is (;on- 
fronted with ||}i^-eylinder, three-cylinder, rotary, oscil- 
lating, Ac. Scc.j aR warranted to effect wondeu’tul results, 
no wonder he finds S;onfusion worse confounded.* 
From a somewhat extended experience the wri'.er is 
opinion that for drivmg wood-working machinery, 
,^xcept under ccfftain special condition^f, the most eco- 
nomical and«convenient forui of (uigine is the horizontal 
high-pre.s'sur<‘, fitted with a condenser,, as by this means 
a vacuum <»s formed behind the piston, relieving it of 
back pressure and gimng an increase of pow**r and a 
con8e(^uent saving in fuel. We will not here dwell on 
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tbe extremely ghort-.sighted polic}% of employing an 
engine of a low class. This %as been urged over and 
over again ; but, tempted tfy a low first cost, numbers 
of peordc mry still be found to purUhase these miser- 
able proauctionSj^ whiclf have already considerably 
damaged the^high character for ^design, materials, and 
workmanship once held by English-made engines ifi all 
parts of the world. So much having been done in that 
direction, it would be out of our province^ to #rite at 
length on the econon^ of the steam ef^ine ; biit^ we 
take it that an engine for this class of work, to be 
leally economical, should combine in ifs construction 
the following points: — (1) a stroke of at least twi^e the 
diameter of the cylinder ; (2) an efficient condenser ; 
(3) an automatic •expansion slide, controlled by sensi- 
tive governor ^ear; (4) a steam-jadceted and kgged 
cylinder; (5) short steam- ways ; (6) all^bearing surfaces 
well fitted and lubricated, and an efficient i»ethod of 
packing; (7) large cylinder area for nominal horse- 
power ; (8) fly wheel of large diameter and extra- 
heavy section. In addition to these points, as the duty 
of an engine fer saw-mill purposes is often very severe, 
great care should be taken that th? ^materials and 
workmanship employed are of the first class. The 
cran]^ shaft, coiiiiectiiig rods, &c., should, be made^^tyf 
the test fagoted scrap-iron^ th« piston rod, keJ)^?^ 
pins, &c., of st 4 ‘el ; the bolts, joints, A-g,, subject to any 
speciaf weaf should be case-hardened.. All glands 
should be bushed with gnu metal, and the guide blocks 
and crank-shaft iSearings made adjustable f^r.wear. 

If power has tc^ be transmitted ^a considerable dis- 
tance by means of shafting, a large amQunt of force is 
lost tbrftiirb the friction necewsarily engendered ; and 
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it has become moro or less th/> fashion to substitute 
seyeral smaller engines and boilers in lieu of one large 
one. This plan has the additional advantage that, 
should an accident occur, the whole establishment is 
not necessarily laid idle. If small high-speed engines 
are employed, the momentum of the reciprocating parts 
should be balanced. This can be done by so counter- 
weighting the crank that the piston, when \Vbrking, 
moves ‘n an opposite direction to the counterweights. 
Th.^ shaft is thus relieved from excessive shock. 

In these engines, which should work expansively, 
the bearing surfaces must be of longer area than in 
slower running engines, and the workmanship must be 
of the first order, or they will be found to deteriorate 
rapidly. 

,Ii| small estallishments, where much power is not 
required or where space is of great value, vertical com- 
bined engines and boilers are often employed. The 
foregoing remarks apply with equal force to these as 
well as any other form jf engine that may be used, 
in vertical combined engines and boilers all working 
parts of the engine should be made totally independent 
of the boiler, as the constant action of the engine pro- 
duces an injurious strain on the boiler, and, from the 
c:.pansion and contraction of the boiler, the proper 
jvorking of the valves of the engine is also interfered 
with. As rega\;d8 the construction of the boiler, we 
recommend the dome description with c^osa tiibes in 
preference to the multitubuiar forin^ tis being easier kept 
in repair and free^from deposit. The cross tubes should 
be made of Lowmoof or equal briuid of iron, and so 
arranged that^the flame should hi distributed and as 
much heat as possible extracted from it before being 
allowed to j t<<s into the chimnev. 



MOTIVE POWET. 


259 


The types of steal, » bo’lera at resent in use are 
almost endless. Altlioiij^li ISie locomotive and other 
forms doubtless possess advantages under certain con- 
ditions for saw-mill ‘purposoa, all things considered, 
the Galloway type*of boilhi*, or the Cornish boiler with 
cross tubes, to be recommended for safety, durability, 
and economy; end they have also the additional advan- 
tage of being readily cteaned and repaired, and are 
easily managed, which is important, as in saw mills, ' 
especially in remote districts, skilled labour is not 
always obtainable. , 

In recent types of Galloway boilers several improve- 
ments of some moment in their shape and mode of 
manufacture have been introduced. The edges of the 
plates are planed, •by which means any flaws in the iron 
are easily detected. The diagonal edjjos of the^du-tes 
are afterwards ‘ fullered ’ with a flat fullering tool 
whicli brings the plates close and tight together. The 
plates are riveted by a dead pressure, and not a sudden 
blow, the pressure being adjusted according to the 
gauge of rivets and plates. If a Cornish boiler is em- 
ployed, it shouid undoubtedly be fitted with coned cross- 
tubes, the circulation of the water •being much im- 
proved and the strain on the joints from unequal ex- 
pansion considerably lessened. ^ 

An advantnge in the Galloway type of boiler o^cr 
the Cornish is .that, without complicating the form of 
the boiler fof cleaning or repairs, the heatj.ig surface is 
much greater, the ttibes being in thq direct passage of 
tlie lieat which strikes against them. The cone tubes 
are usually constructed^ of plate's of a thiiyier gauge 
than the^rest of the boiler, thus enabling the heat 
to pass* more readily into •(he water. The boiler 
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plates should be carefully selected, and che edges of 
the plates planed ; the riVht holes should by preference 
be drilled instead of punched, as the strength of the 
boiler is thereby Teonsiderably increased* Should the 
rivet holes be punched, they should be of an even 
pitch, t\uis equalising ^the straih on the rivets. The 
size and pitch of the rivets should be accurately pro- 
portioned to the tliickness of the boiler plates used. 
The re^stance of the boiler shell to bursting pressure, 
and the flues ‘ to collapse, should also be carefully 
studied. 

As regards the prevention of incrustation, great 
care sliould Ixi exercised in using anti-inci*ustation 
remedies, as many of them contain either acid, which 
aflects injuriously the boiler plates, or some greasy 
or gUtinous matter, wliich gives them a tendency to 
burn. Grease especially should never be introduced 
into a boiler. We have foiind that by blowing out 
once a fortnight, and using a solution of common soda, 
we have had little difficulty in keeping a donble-flued 
Cornish boiler clean, although the water used was an 
indifferent sample. In wahu*s containing much sul- 
phate of lime or other deleterous substances a simple 
form of feed-heater should ho, employed, as by its use 
'tlfe water is considerably purified before (Mitering the 
ly^iler, and any deposit of incrustation can more easily 
^ removed. Muiy remedies foi* incrnst.'-tiou have been 
intro<luced, iji eluding pieciis of oak suspended in the 
boiler, oak or maj ogany sawdust, bmnebes or sprays 
of the tr(^s, spent tanner’s bark, chloride of tin, mu- 
riate of ammonia, Ac. : but it may cafely be coneludod 
that although a remedy may answer in one sample of 
water, it by no means follows that it may be equally. 
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successful ill another, is in»;cli undoubtedly depends on 
the natiu’e of the calcarcotia salts contained in the 
wato employed. Hydrate of soda has been used with 
coiisiderabte success in waters containing silicates and 
some kinds^of sal^s, and tioracic acid is also used in the 
prevention erf deposits: Of late years so great has been 
the desire to p’^oduce something new in the inean^ em- 
ployef? for generating steam, that what Fairbairn calls 
the very essence of constructive science is of^*u neg- 
lec.ted, and the distribution of the material and rorin 
best calculated to ensure the maximum strength with 
the ininimiim amount of complication is almost entirely 
lost sight of. Boilers used for driving wood-working 
machinery should be constructed with one-third larger 
fire-grate surface than is usual for bunding sawdust 
and waste wood as well as coal. The cuinbus^o-i of 
wood and coal together produces a hei^ of coiismerable 
intensity. Care shouki therefore Ixi taken, that the 
flauae of the fire should be equalised and distributed as 
much as possible, that the ‘flues should be of simple 
construction and easily accessible. Tii some districts 
also the waten* available is heaW ly charged with car- 
bonate of lime or other substanc(*s ^vlilich very readily 
cause incrustation, and, unless great care is exercised, 
the , multitubular or other complicated forpi of boitel'15 
rapidly destroyed. The boiler employed sllould in all 
cases be o^ ample power for the work to be performed. 
An apparatus for heating the feed water b^ the exliaus*t 
steam should also • be fitted to thi^ boiler, ;i,s by this 
small additional outlay a saving in fuel of at least 1 0 
per cent, is effected. 

Much has been written on the corj'osion of steam 
boilers and the best means to employ for the prevention 



262 WOOD-WpiiKING MACHINERW 


of the same. Extf^nal corrosio^i or oxithition is due 
to atmospheric influences or damp foundation of the 
boiler, and is usually easily 'prevented by covering the 
boiler with felt or ‘a suitable material which prevents 
also radiation of the heat. If the bj)ilcr is fixed in a 
very wet situation, in addition to the felt it is some- 
times^ found necessary to case the boilers with sheet 
lead. Some classes of paint also prevent oxidation in 
a very ctjnsiderable degree. As regards internal corro- 
sion. very great difliculty is often ^‘xperienced, especially 
with certain samples of water, and whore tubular or 
any complicated form of boiU*rs are employed in keeping 
the same in a satisfactory working condition. This is 
most generally felt in marine boilers, sea water being 
a very active corrosive agent. It is generally held that, 
owigg to the varying densities of the nn^tal of the rivets 
andtliS boiler phites, a mild galvanic action is produced, 
and corr<;)8ion usually commences round the rivet holes. 
Corrosion thus especially attacking the rivet joints is 
attributed by ^Ir. Williavi Kirtley ' to a mechanical 
action combined with a chemical action, and, from his 
experience, in locomotive boilers constructed with lap 
joints it attacked the smoke-box end of the boiler, but 
sometimes extended slightly in an irregular manner 
the whole boiler surface. 

The mechanical acti<u} referred to is attributcil by 
ISfr. Kirtley to the continued expansion and contraction 
Of th6 boiler springing and bending the plates at the 
joint lines, thus breaking off the sede deposited by the • 
water — which is found to be in a certliin degree a pro- 
tection against corrosion — and leavii^g the boiler plates 
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exposed to th 5 contiim il corroding action of the water. 
Owing to the high pressure a^ which locomotive boilers 
work as compared with stationary boilers, this spring- 
ing action would without doubt be n^re severely felt in 
boilers of that tyjij ; consequently the tendency to cor- 
rosion from this cause would bo greater. It is also 
found that this detrimental action is iijcreased when 
frame Stays or brackets offering a special resistance to 
the expansion of the boiler are hsed. To obyate as 
far as possible the exc(‘ssivc corrosion at the in vet 
joints, a plan oflcii pursued is to roll the iron plates 
with gradually thickened edges, wliich distributes the 
springing action over a considerable area. Welded 
joints seem also to exercise a tendency to i)revent cor- 
rosion by lomoving the especial strains found in using 
lap-welded joints. 

Should more I lian 25 horse-power It' require <^t is 
preferable to usci a pair of boilers instead of oqe. 

All Cornish boilers above 12 horse-jiower should be 
constructed with double flue^’, and fitted with Cross or 
Galloway tubes, and should in addition be thoroughly 
stayed. It is a trite but not unnecessary remark in 
these dnys of unfuir trading and excc^5i». e competition 
that when human life is at stake only a first-rate 
qualijty of iron should be used in I lie constructio^^iat 
sk^ani boilers, and whore the, action of the fire comes 
in dii’cct oon^ct with the plates, iron of the v(?ry 
highest possible quality only should bo used For forest 
•use, or where maehifRery luFs to bo niovod Troni place to 
place, the ordiiuii'y portable engine and boiler on wheels 
is to be preferred. ^Thc different forms of tlirce-cylinder 
engines* such as the ferotherhSod/ Willaiis’, (fee., al- 
though *iisinfir a considerable, amount of steam, are 
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sometiiues found ^useful in driving single machines. 
Where the rate of speed is not too high they are often 
fixed directly on to the iiiain spindle. In the recent 
(1878) Internaticiial Exhibition , in Paris we saw at- 
tached directly to the bottom saw-wheel spindle of a 
band sawing machine, exhibited by Mons. J. Fau, of 
Bordeaux, a new form of rotative engine, patented by 
P. Martin. It was capable- of running at a very high 
rate of. speed, but as to its advantages or the reverse 
we are not in a position to speak. 

Great care should be exercised in setting the boiler, 
and the draught should in all cases be regulated by 
an automatic steam-damper, which, as it requires no 
attention and is regular in its action, effects a con- 
siderable saving over the old form of. slide damper, the 
wq^’kiiig of which is oftentimes neglected by the fire- 
man. '')it may hot here be out of place to remark on 
the fals>’ economy of employing so-called ‘cheap* 
labour in the management of engines and boilers, as 
it has been proved beyond doubt that an intelligent 
trained man, who has some knowledge of the properties 
of steam, who knows the economy of keeping a bright 
even fire and hiis ^boiler, safety valves, gaug(»s, <^c., clean 
and in good condition, will, in the course of twelve 
-i4»cnths, get extra duty out of his engine, and effect a 
saving in fuel and .repairs very much in excess of the 
exti-a wages paid him. The explosions which almost 
Haily occur, occasioning great loss of life^ind destruc- 
tion of property, are generally %ttnbuted to either* 
the culpable ignorance of the attendant or to the 
use of worn-out or badly constructed boilers. The 
subject of granting certificates te engine-drivers and 
placing steam boilers under Government inspection ho.*} 
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of late years been mov^'d ir the Hoyse of Commons on 
several occasions, and although, doubtless, a moderate 
A.ct would be for the general public good, the question 
seems to have be<'n, at any rate for the present, quietly 
shelved. ^ ’ 

The boil<ir and all steam pipes should be covered 
with felt or other iion-conductiiig compositionf to^ pre- 
vent rS-diation of heat fr freezing. Tlic eompositioji 
known as Leroy’s gives for this purpose satkfaetory 
results, but we hear highly spoken of a later introduc- 
tion, known as Toope’s patent. This covering is com- 
posed of hair, felting, and paper, whicn is protected 
from chaiTiiig by an interior lining of asbestos. It is 
said to be an admirable non-conductor, has absolute 
freedom from cmcking, is light and earily fixed or 
removed, and ig indestructible at any t(‘mperaL>«»' at 
which steam is used. If it is found f . fulfil alf those 
conditions, it will, without doubt, be of great. •value to 
steam-users, as it overcomes several objections to most 
of the boiler cov<U'ings now in use, not the least of 
which is that it is entirely free from the crumbling 
action now so \)ften found. 

Before concluding our remarks i^jfdSr this heading 
we should wish to draw our readers’ atUudion to the 
grea^ practical value of the mineral asbestog for pacMffg* 
steam piston and pump rodb, stufiing box(.\s, c'lc., jjjid 
when combined with felt it is an exceMent covering for 
steam boilei%. Although its existence haj> been fnown 
for many centuries, *it is only during^the last, few years 
that its valuable properties have been utilisqjl.. Asbestos 
of the best quality is ^und in jcon^siderable quantities 
ill the Italian AlpS ; it is fibrous in texture, and is 
capable of being woven or combined with other mpte- 
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rial. It also pusst^sos the peciiliar propf^^riy of being 
unaffoctod by the actio* of tiro, acids, friction, or 
moisture. It can also be iftoJ in the form of paste or 
millboard for stea^ii and other joints. It also very 
well adapted for packing stoiim fittiAgs, such as cocks 
and water gauges, and we can, from our experience, 
speak in favour of its valuable qualities. Compressed 
wood pulp made up in the form of annf'kir ru+gs for 
glands, ‘and sheets and washers for steam joints, has 
sevt'ral features to recommend it, notably that the 
joints are easily broken and renewed, that the pulp 
readily retainS the lubricating matter employed, and is 
anti-corrosive and will stand superheated steam. For 
glands the packing is usually made in segments of 
the exact size of the stuffing box. 
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CHAPTER XXX. 

AKKANGEMENT OP SAW MILLS Al*iD ECONOMIQ^IL 
CONVERSION OF TIMIJER. 

A SAW MILL being for the purpose of coiwerting crude 
iiiaterial into articles of coininereo and general utility, 
the groat point to be aimed a.t is how to {iccornplish 
tliis with tlie grejjjjost economy and despateli combined 
with (piality of production. Saw •nulls being often 
situated in cro^fded cities, where spi^^e is of^reat 
value, and where any kiud of building has to do duty, 
a set j)laii for lay ing out or designing a mill can hardly 
be laid down, but must vary a(;cording^to circumstances. 
The folloudng hints, however, may not be out of 
idace : - 

Where space is obtainable, buildings»should be ar- 
ranged with large sliding doors at either end of tlie 
mill, so that timber may be passed in at one end in^h^ 
lougfl, and, after being worked tjirough *tlrt3 various 
machines, pas^^ed out at the bther as manufactui^d 
goods.* A tiumway should run down tlu' c -litre ctf th(f 
mill, and where muqt heavy timber is worked an over- 
head traveller ft necessary. In arranging a mill 
advantage should always be •baheii of the site with 
referenda to land oj* waler carrfhge’of the timber. If 
near a cflnal or river, the inili should te so arranged 
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that as the tiinbei\ileft the watof it should pass directly 
to the heavy machines, t.iich as timber frames or rack 
benches for breaking down ; its further manipulation is 
thus at once made easier. As regards the best shape 
for a mill, where all ordinary classes of ^vork, such as 
sawing, planing, moulding, &c., are performed we have 
found a rectangular building of a length of about two 
and a half times its width tlw most suitable shape. 

If an engine and boiler is used to give tlie motive 
power, it should, if possible, be placed outside the main 
building. If placed iriside the bailing, it should be 
divided off from the rest of the machim;s. The whole 
Df the main shafting should be arranged umhirground 
and run transversely across the building ; it should be 
easily get-at-able for lubrication, removal of belts, &c. 
Uiid''rground chambers should also be provided for the 
recepixon of sawdust and shavings. 

If tl’e building is more than 100 feet long, three 
lines of shafting should be used, the last two shafts of 
which can be arranged run at higlu'r speeds if re- 
quired. We have found a speed of about 250 revolu- 
tions per minute the most suitable for all ordinary 
wood->vorkiug operations. Th(» various machines 
should never be crowded together, and if upp('r floors 
trrb used light machines with, if possible, a rotary 
motion should be fixed vui them, as the constant vi- 
bration from some macliines with i. reci 2 )rocating 
motion has a tendency to damage and dis 2 )lace the 
joists and brick-v'ork unless of ‘\ cry strong section. 
The shafting for an upper floor should bo fixed at the 
roof of the ground floor. A<leouatc means for hoisting 
timber to this floor must be Uken. A first-rate and 
rapid plan for can-ying up deals is to arrange an endless 
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belt, Bom€i 9 1 inches vsi<lo nid fitte^ with stop pieces, 
to rnii at^an angle of aboat 45 degrees from the base- 
ment through a trap door •to the floor above ; by this 
means deals, &c., can be carried up iiw fast as they can 
be placed oi^tlie l^lt- 

With th (4 object kA facilitating the conveyance of 
timber from on board ships, barges, or railwaf trucks 
directly to the various m^chin(‘s to be convhrt(id, or to 
the yard to bo stacked, without the aid of jnacnal 
labour, Mr. Samuel 5<)ulton. of Londc^i, in the y^ar 
18138 took out letters patent. For this purpose the 
inventor proposed to construct in the timber yard and 
saw mill channels, conduits, shoots, troughs, or })ip03 
confaining wat(*r, either open or closed, and eiMior 
sunk in the ground, laid upon or raise<l above it; 
those channels to lead from the wate^-side or^^yier 
locality ; the timber to be conveyed fnto sued if water 
channels from the vessel by means of endless chains 
or bunds provided with dogs. 

When the timb(jv reachos the water channels, it 
can (diheF be pushed along or conveyed by an esta- 
blish ( d water* curnmt. Mr. lloultou decribes an 
elaborate arrangement of water chan^(^l.f, designed 
to carry timlrer to any part of an establishment ; hut 
when wo consider the jiuineroiis drawbacks to^bgw 
scheme- - the discoloration, iwereaat'd risk of ciaeking 
in th(i drying, itho extra power requii^^d in sawing wet 
timber, &c.---\vo «arc afraid it cannot bc^neld tef be eff 
much practical vali??, at any rate in^this co\intry. 

All saw-mill floors, Avhether ground or otherwise, 
should be made c^’ anyde strength^ to wiflistand ma- 
chine vibration or* any load ttiat ma^ he placed 011 
them, ^ho ground floor should be built on piers, and 
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we have found joiqt floors the test form of flooring to 
use, as from their construction thej resist successfully 
any excessive vibration. Where a single first floor is 
used and the bearing exceeds 10 feet, herring-bone 
strutting should be used. 

As regards the most economical coal for the produc- 
tion, of steam, much lias been written. Of course the 
heat evolved from the combustion of different samples 
of coaV differs very considerably, the carbon varying 
from 75° to 05°. We prefer,,, on the whole, some 
samples of South Wales steam coal we have used to 
any other. 

Sawdust and wood refuse, if mixed with a little ttir 
or bituminous coal, makes a very fierce fire, but should be 
used with care, or burnt boiler- plates* will bo the result. 

*/*l^ing to the? daily increasing competition in the 
convei^ion of wood from Norway, Sweden, and even 
America) who export largely to this country manufac- 
tured joinery of all kinds, English makers hav»e at 
present, and will .in the future have greater, difticulty 
in successfully holding their own. The success of this 
competition in the ease of Norway and Sweden must 
be attributed u) ,,the abundance of tln^ crinh? material 
and the cheapness of labour. This is otherwise as 
■regards America, as, although timber is cheaper, wages 
are considerably higher. »This can in a measure be (‘x- 
plained by the much greater facilities offered in America 
to inventors to protect even the smallest improvement 
in the constructioi|al details of labcfiir-saving machinery. 
In this countiy, on the contrary, owing to the high 
cost of letters patent’, a work nj^an bus no incentive to 
improve the spialler details of a inachine, \yhich tend 
so much to its productive efticiency, and, unless an idea 
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is strikingly c|iiginal, itsveniion doe% not pay. In fiict, 
in England brains often Lave t« seek money to carry out 
their ideas, whilst in Amerfca money seeks the brains. 
This, However, by the -way. 

Supposin^^ the •mill td be ready for receiving the 
machinery, the pajrticiilar branch of v^ood conver- 
sion or manufacture decided on, the i*ext and ^ery 
importSut step is to ob%iin that machinery which is 
best and more especially suited to execute with ^ipidity 
and economy the worl^ required. The selection of 4:he 
requisite machinery is a matter of the highest im- 
portance, and, unless very judiciously undertaken, an 
investor may find himself saddled with a lot of costly 
and elaborate machinery ill adapted to his wants. 

Care should be taken that the maohbicry selected 
should combine^ high-class workman^liip and maiiMiial, 
the greatest amount of productive efifeiency wfth the 
least amount of complication. The so-called*^ cheap ’ 
machinery must bo lield to be dear at any price, tlie 
difference in first cost being mpidly counterbalanced by 
constant lilvak downs and loss of time, often coupled 
with inferior \fork. The j)rico a really high-class, 
labour-saving machine should alway^*b^^ a secondary 
consideration. 

When the necessary machinery is arranged, ^ht! 
very important question of hew to* employ if ec ononii- 
cally and profitably presents itself, ^s regards the 
labour employed in directing the conversion of*wobJ 
by machinery, the^*highly skilled ^and highly paid 
workman is as a rule the cheapest, the tir^ difference 
in ‘Cost being sooiji coynterbaladced by an increased 
output Trom the machine and of better jg^^erage quality 
Where a steady and uniform Unsiness of a certain class 
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is carried on, we are strongly \\\ favour piece work* 
Much has been written /or and against this system, 
but as/ar as our experience extends a man is rarely or 
never found wU^ will perform, the same amount of 
work whilst working by the day oj hour as he will 
whilst on piece work. Piece work, which, by the way, 
should never |)e carried to excess, also encourages dili- 
gence and energy, and the ^kilful workman thereby 
reaps in wages his just value. Of, course in some high 
clf^ses of work it is very difficult to introduce piece 
work with advantage, but for the vast majority of 
wood inanufjxctures it is undoubtedly the true system. 

Of course in piece work workmen have the greatest 
interest in completing work with all possible speed. 
Oare must therefore be taken that it^ is not allowed to 
be^Sjipamped,’ and on no account should the quality of 
the fiKish and uetail be sacrificed to quantity of out- 
put. P>ece work has also the additional advantage of 
offering a premium to the operator, of keeping his 
machine and tools in constant use and in the highest 
state of efficiency. 

C^are should be taken that all machines are set at a 
dead level both Jiorizontally and transversely, and are 
free from excessive vibration when in work, and ado- 
-^u«J:o means taken for transporting rapidly and,, with 
little manual labour the required timber. Where many 
saws, either circular or straight, are iiiouso, a machine 
Tor sharpening should invariably bo employed. 

The wood prepared on a saw •bench for mouldings 
should always be cut feather-edg<‘d or to a bevel, and 
the pieces of wood sawn off worked up into small 
mouldings. IJ is astonishing (*veh now the number of 
mill-owners who alk»w their machim*s to cut mouldings 
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from a squaVe-sided of wood, a Jargo percetiLaj^e 
therefore beihg entirely wasted. Thewe bevelled pieces 
arc easily fed through a UKadding iiiacliine by substitut- 
ing, for th( ‘•ordinary parallel feed-roll^U’s narrow rollers, 
with their periphery sevrated and sharply bevelled. 
Short driviltg •belts afe to be avoided in every way, as 
they simply niean great increase* id‘ frietjon, ai9d conse- 
quent ^leterioration lo b(^lt and bcniriiigs, with increased 
difficulty of lubrication. The beating used sljpuld be 
uniform in thickness, and kept as plialilo iis posa^ble, 
and sufficiently wide to prevent over-straining. After 
repeated experiments I can recommend that driving 
belts should be run with their ouhide or xniooih surface 
to the pullej/, which is directly contrary to the plai* now 
usually pursued, jthe practice Ixung to run the rough 
or llesh side of the belt on the piftlgy. I have ji^pnd 
that if a belt is^veiily made, and sinodli on its /iice, it 
bears equally over the >vhoIe face of the pull(‘y;, and not 
at certain points, as in the rough siirfjice of the flesh 
side*of the leather. With sniooyi belt the air is 
almost entirely excluded, and the driving power con- 
siderably increased. To produce smooth and perfect 
surface on the wood when planing, m«^h depends on 
the accuracy with which the knives are sharpened and 
adjusted on the cutler block, A straigbt-edg^ oi’ 
squait^ should be used to liy^tlieii^ at all points. The 
nsnnl plan of lining them on tht* wood is not, as a rifTe, 
suffieie4itly a^jcurate. Bottom cutter-blocks arc fttsily 
adjusted by laying straight-edge over^the opening 
through which tWe cutters project, and malcing each 
knife touch exactly at every. point the etig'e of the 
straight«edge. Duf>|icafe sots toMs should be kept 
on hand«i?i case of accidents. Automatic lubrication 



i74 


V\*OODAVORKING MACHINERY. 


should be employed wherever possible, tmid none but 
the best lubricants empl()}^ed for high-speed spindles. 
All open oil- ways should bv) protected from dust ; the 
bright parts of ma-chines not in use should be coated 
with a mixture of white lead and tallow. At least half 
an hour should be spent at the end of each week in 
thoroughly cleaning the whole of tlnj working parts of 
the nnachines, and tlie framework slioiild occasionally be 
painted. This not only preserves the iron, adding to 
the^appearanctj of the mill, but encourages the work- 
man to take ii pride in the condition of his machine- 
These points arc, however, often neglected. 



CllAraER XXXI. 

I 

MACHINES FOR ESTATE PURPOSES. 

The use of vvood-woikin^ iiiachiuery is gradually ex- 
tending to that class of work ro(|Uin‘d on country 
estates — viz. the conversion of timlxn* grown on the 
estate into boards, gates, posts and mils, fencing, &c,, 
and other articles required in the I'ann buildings and 
cottages. Even on estates of inodcvatc sj"e — say, above 
one thousand aeres — steam can doubtk\ss be eripioyed 
prolitably in wood con .^(jrsion, as, should an engine be 
used — as in these days of high farming is generally the 
case for preparing cattle food, it can be devoted at 
least one day a week to wood-cutting, and even at this 
rate will pay a fair interest on the very moderate 
outlay necessary. Except on large cf^tates, and where 
skilled men arc constantly employed, machines c^f the 
plaiiK'st and simplest kind are to be preferred, as 
joinery and mouldings, &c., can usually be* pi.rcTiased 
cheaper tlnui they can be p'*epared, at any rat^ in 
small quantities. The most convenient machiiiento 
is a plain (drcular-^saw biyich, or one filiHed with self- 
acting feed whe?iC3 heavy tinibm* is Rsed. The frame of 
this bench should be on the ‘ box,’ principL, and especi- 
ally string to wiihotaiu>rough a id unskilful usage. The 
saw si)i»dlo should be arranged to risetiud fall, so that 
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the drivinj** pulleys^inay be lowered below the level of 
the table, so that the vvhol^ width of the bench may be 
utilised for cross-cutting potts and rails, lire >Vood, &c. 
A sliding plate, w(v*king in a doveUil groove* on the top 
of the bench, running pariillel to the' saw, and fitted 
with a cramp for securely holding the Wood, should be 
employed wfioj'e much accurate cross-cutting is re- 
quired, such’ as wood blocks foy paving purpos(JS,iAc. 

The ^saw fence or *guide should bo arranged hj turn 
ovei; the end of, the bench, out of the way, when not 
required for straight sawing. The saw spindle should 
be bored at one end to receive augers for boring or slot- 
mortising purposes. For estate purposes the addition 
of a mortising table is of great value. IMiis is best 
added by arranging the frame of tlie Ijench on oiii' side 
imny^iately below, fhe sa.w spindle, witli planed strips 
to receir c a slidii/g table or bracket, whuMi can be raised 
or lowere^l vertically by a rack or screw. On this table 
is fitted ii slide, arrangi'd with labu'nl and transverse 
movements, and a cramp jiolds the wood firmly whilst 
under the action of the mortising tool. 1’h ‘ mortises 
are produced by a revolving routing or slot-mortise tool, 
the slide carry in»g the wood at the same time receiving 
a tniverse iiiotioii by means of a hand levin*. The 
lengths of the required mortises are governed by ad- 
justable stoji-pieces,, and .the transverse movement of 
the* slide, which is usnalty worked by a liquid wheel and 
{fcrew,* gives the required depths. 

Should a furthej raiigi‘ of worL> be reipiired, an ar- 
rangement* for cutting tenons, strikitig mouldings, or 
planing can be added. • ffeccept wlioro a permanent saw- 
mill is estnblislied,* thC portable engine is thb most 
useful form to employ for^estate purposes. 
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FRAMINGS OP WOOD-WORKING MACHINE^. 

When considering the different classes of machines, 
wo have from time to time given hints as to their 
framing nud general construction ; but as wood- work- 
ing, unlike most other machinery, is subject to ex- 
cessive and constant strains, it may iiot bo out of 
place to discuss the matter a little more fullyt In 
addition to the ordinary strains of tension, pre^ure, or 
slu'aring stress, the framings of wood-working machines 
are, subject to an especially severe vibrating sMiiji, 
arising froni tln^ high speods, arduous duty, change 
in velocity or direction of motion, which the spindles 
or working parts are subject tc. The ordinary rules 
for calculating the elastic or brealjilig strain of the 
materials einplo^'^ed when designing framing must be 
considerably modified, allowance being inadc fer ex- 
cessive vibration, and in some classes of macliiiies for 
the heavy loi d, in addition to the ordinary working 
details the framings have to carry. As vve have before 
mentioned, for soinh years the framings of wood-work- 
ing machines were constructed almost ei.tirely of wood, 
the theory bt'ing that jwrood, being elastic, would, more 
readily tjian iron, absorb the excessive ^ibration. Prac- 
tical eicperience has, howeveif sufficiently disproved this 
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idea, that we will not further di'^cuss it. For all the 
heavier classes of machines, and some of those with a 
reciprocating motion, whicli in their working have* a 
constant jar or vibration, such as steam" mortising 
machines, we prefer the cored or hollow-section framing. 
This form of framing is doubtlees higheV in first cost, 
and somewhat more difficult to manipulate, but this is 
more than counterbalanced by its increased stiCngth 
^pnd resistance to strtiss, economy of material in ratio 
to strength, and increased compactness and nejitness 
in design. 

Much improvement in machine design has doubtless 
recently been made ; but even now we frequently see 
large quantities of waste materia] in the framing or 
supporting brackets, which, if not absolutely injurious, 
is of\ no advantage' to the working of the machine, 
whilst other parts, where strength is required and 
where a ‘fillet’ or flange in the casting would bo of 
value, is left unproti'cted ; the result is unequal strain. 


excessive vibration^ and inferior work. The same r(*- 
marks apply with increased force where the imjtal is 
‘scamped,’ as in the so-called cheap machinery, where 
general efficiency is sacrificed to low first cost. 

Although no absolute rules can be laid down, tliese 
defects, with a little practical experience, can etisily 
be obviated, bearing .in mind that the various propor- 
tions should be judiciously distributed, according to the 


strain^ to be put on them ; that they should be con- 
venient for tfiir.t^'jjuider, and easily manipulated and 
renewable,^ in t. ^ st instance in the workshop, and 
afterwards in tk • mili. As regards the allowance 
to be made in ^acting framing, in consequence of 
the constant ar ml vibrating strain it would vary 
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eoiibiderably yi differci t classes of ipachines. In steam 
mortising^ machines with a* reciprocating motion it 
would b* : as higli as 25 per cent., whilst in band-sawing 
machiiv^s, where the jptrairi is chiefly torsional and the 
speed or duty no’t,especi;illy severe, a considerably less 
percentage v^ould be sufiicient. In any case the work- 
ing stress of iramings should Always l>o couciderably 
less tlAn the elastic stress, as the tangentiafl and other , 
strains produced by imperfectly balanced workiijg parts, 
unequal or excessive duty, lack of speed, undue friction, 
uneven foundations, or inferior workmanship must not 
be lost sight of. 

Great care should bo exercised in the making and 
finish of the wooden patterns used ; inferior woods 
should never be* employed. The best yellow pine is 
suitable for the larger patterns, and mahogany for the 
small. Whatever litth^ extra trouble !)r oxpcmiie is in- 
curred in making perfect patterns is amply repaid by 
the.cavsting being much improved in symmetry and I’e- 
quiving less finishing. In irachine framings, owing to 
the diflicnlty of retaining sharp outlines in cast iron, 
the profilers should always be bold and simple in design, 
the edges well rounded, and all holloas, vhorc stiability 
and extra steadiness in working is required, should be 
supported by suitable fillets or ribs. 

Complex forms in maehii.e derign are irf every way 
to be avoided. This may appear a some what trite, but 
it is certainiy not an unnecessar} , remark in these da/s 
of fierce competition an^ strainii^ after originality, 
and young engineers may bear in ntiud with advantage 
the saving of James yiTatt th.at ‘the greatest of all 
prerogi^ives is sirfiplicity, but more ^specially when 
applied to machinery.’ 
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If iron patterns are used, »vhich is advantageous 
when a large number of ^ castings are required, allow- 
ance mmt be made in th^ wooden pattern in the first 
instance for the icontraction in casting in the subse- 
quent cooling. It is somevWiatUlifHcult^to determine 
accurately the amount of this centractibiv which varies 
iiccordiVvg to the size find thickness of the casting, the 
nature of the iron, and the rapidity of cooling ;'hnt for 
framing castings of I’nediuni size — say, up to two tons in 
weight — composed of iron of fair quality and cooled 
slowly, a calculation for contraction of about one-eighth 
of an inch per foot in either direction would, we think, 
be safe. The thickness of the metal in machine framings 
should always be as uniform or gradual as possible, so 
thitt the contraction of the molten iron in cooling may 
be Jplerably eqiuij, ’ The sudden changes in a casting 
from thin to thick metal should be avoided, as they 
produce a degi’ee of initial stress which lessens con- 
siderably its strength, strains and twists it out of shape, 
and at tiim*s even fnicturos it. Each part of a machine 
frame or details should, as far as possible, be calculated 
to bt*ar easily the highest amount of strMiiing action of 
whatever kimhitkiat is usually put on it wliilst peiforin- 
ing the severest duty of which the imudiine is capable. 
The ^ exact calculation of these various and somevvhat 
complex strains is, luowevor, difficult, and must, after a 
certain point, be left almost entirely to practical ex- 
perience. If motion or load is suddenly applied, the 
stress on bofh fraiping aiuPweariirg parts is much in- 
creased. This of course is especially nbticeabh» in high- 
speeded macninos; care therefore? should be takem that 
the application of tlie llelt or other power for producing 
motioji should Ce very grjjdual. This is a poiutj we are 
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afra,id, that is often overlooked, but one that adds con- 
siderably to the longevity qf a machine. We have 
found fbe application of a quick-threaded screw for 
starting; or*stopi»ing Ij^lts a simple and effectual method 
of gi*adually applying this power. 

For maetiiies where the speed is moderate and the 
duty light, framings with ribbed sections Inive some 
advantages, notably thut^of cheapness and* easy mani- 
pulation : but on the whole tubular or cored JJi-aming, 
with its various modifications, is much to be preferred. 

Care must be taken that the mixture of iron em- 
ployed is of good quality, and produces sound castings 
free from air bubbles or honeycombs. When broken, 
the iron should appear qIosc in the gr.ain and of a 
light bluish-grey colour. Unsound easfiugs, or those 
allowing a mottled appearance, sncuhl never boc em- 
ployed when? tliey may be subject to hny considerable 
strain. The surface of the castings should bo made as 
cleay as possible, any little extra exptmditure in this 
direction amply r(‘paying itself in tlun'r appearance and 
strength. But how often do we see a pound a tofi 
saved in the fi^st cost more than spent in making the 
castings presentable by chipping theiiYAr.n' their surface, 
reducing at the same time considerably their resistance 
to stress by removing the outer skin of the iron^ By 
castfng the ii-on under pressva-e much sounds castings 
are produced, tat the difiiculties a.nd cpst v)f the process 
preclude itS' use, except for plain and well-dbfined 
articles and when ^xpensd is not ^f the greatest im- 
portance.. Air bfibbles or honeycombs may be detected 
after a little experience, by rilighig^a hammer over the 
surface*of the casting. * ^ 

Especial care must be tak^jn in designing the fram- 
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ing of machines with a reciprojpating motion, such as 
timber frames, mortising^ machines, &c,, \vith a view of 
overcoming the excessive ^ ibration. In America the 
main uprights of^ timber frames of large size are often 
constructed of wood, and attached to or combined with 
the timber supports of the bivlding itSelf. By these 
means tin) ja^ and vibration is in a great degree ab- 
sorbed, and saw frames constructed on this plan are 
found to work with \i considerable amount of success. 
Thfj are, liowevor, open to objections for Rnglish use, 
and are on the whole somewhat cumbersome and in- 
convenient. Occasionally the heavier saw frames are 
arranged with an air cylinder, or to drive directly from 
a steam cylinder attaclwHl to the top of tin* frame. 
These plans have some advanhigos, aud the vibration in 
woij^ing is considerably lessened, tin* air or st<*am 
acting<as a cushion at each stroke of VJie swing frann*. 
Latk*rly saw frames arranged with their crank shafts 
to work on a level with the floor lines have been intro- 
duced. This is .‘pteompikjhed by making the vertical 
standards of the frame of unusual solidi'y, and at- 
taching them and tl^* working parts io%ti imissive bed- 
plate, or, in ^he case of light bed-frames, casting 
standards and betll plate in one piece. For light frames 
this^arrang(*meiit is sometimes advantageous, but for 
heavy frames it is npt to.be recomnnmded, and should 
ne^er l3e pursued ualeJjs, from water oy other causes, 
•deep 'foundations cannot be obtained, tkider all or- 
dinary circuihstaiKjes we ar^ muck'in favour of a frame 
arranged with a pit crank-shaft, add whatever extra 
cost may be incurred in the way^ of foundations is 
repaid by decrease ()fVibration, wliich is absdrl>ed by 
the masonry foumlatioriJV instead of the mill fldor. The 
work tu^rned out is consecpicntlj^ cleaner. 
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* lu mortising machines v itli a reciprocating motion 
the base of the main column sjiould be of massive con- 
struction, and the bed plate- extended, as the duty in 
heavy niPchihes io very^severc. 

Witli machines jvor iing on the rotary principle the ' 
stress on the^liaining is less severe; b*ut very much 
depends in baiancing all cutter blocks io the (greatest 
nicety, its, should they be only slightly on if of truth, 
owing to the immense coiitrifugai force at work, the 
adverse stress exercised on all parts of the machine is 
very great. All cutter-block spindles too should bo 
of sufficient section to obviate all chance of springing 
even under the severest duty, and the spindle bearings 
should never bo allowed much ‘ or the vibration, 

which is often attributed to weak friimings, is much 
increased. 

As regards tne design of the spin(>les and rjetaila 
used in the construction of wood-working niachinery, 
if wrought iron is used, only that of the best quality 
should be employed, combining slrength and toughness. 
This, when the bar is fractured, is shown by the fibres 
of the iron •being close and uniform in tlu‘ grain, free 
from whiteness or crystallisation, and a bright blue- 
grey colour. The dimensions of spindles should be as 
uniform as possible, avoiding abrupt angles and sudden 
changes of diameter. Where, spindles are* ffubject to 
much strain tjic alteration oi diameter should be 
graduated by a curve, or what is known at rounded off, 
as any shock or vihration* is thus, more* evenly dis- 
tributed. For all^he smaller diameters of spindles we 
prefer to use Bessemer or oilier mild steel, and the cost 
is very Ifttle in excess the best wroiiglit iron. Tt is 
of conrs?* rather mon‘ difficiijt to wo^c, but this is 
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repaid by a finer , surface being obtainable, a^ wrougKt 
iron is often found seariy, or, by the fiferes of the iron 
not ruhning j)arallel to ’the length of the bar, the. 
abrasion of the i^urface, and consequent friction on the 
bearings, is much increased. In .^orgip^ spindles, or 
any parts on which there is great strain,. as few ‘ heats * 
as possible should 'bo taken by the smith, as by 
constant tehcatings the strength of the bar is fconsider- 
ably i;educed. Great care also should be taken that 
collars or journals, or any forgings necessitating a 
number of heats, are not burnt, as we have more than 
once, especially in steel spindles, seen them from this 
cause break short off at the angle on receiving only a 
very moderate shock or blow. 



CHAPTER XXXIIl. 


BEARINGS rOR WOOD- WOK RING MACDINKRTfe 

In conao(iui!uco of the rate of speed at whieh it 

is necessary to operate wood- vvoiking nuudiiiiery, the 
proper proportion, construction, and lubrication of the 
bearings — wher(d)y the friction jjccessarily engendored 
can be reduced to its lowest limits — is a matter of vital 
importance. Much time has b(ieii' spcjit by scientitic 
men in investigating the theory of frivftion, and^many 
learned treatises written thereon. One of the inost valu- 
able of the earlier ones with which wo arc acquainted 
was written by (ieorge Reiiijie, F.RlS., and published 
ill the ^ riulosophical Transactions ’ for 1829. In this 
paper ho gives lirielly some of thy deductions made by 
the earliest writers on this subject, including Amontons, 
who wrote in the year ICdO, giving as his opinion that 
friction was not augmented by an increase of surface, 
but only by an increase of proj^ure, ^nd that the amount 
was the same Jboth with woods and metals when tin- 
guents* were* interposed. He likewise cincliided* that* 
friction increased o^*diminfslied witji the velocity, and 
varied in the ratfb of the weight and pressure of the 
nibbing parts and the time and •velocity of their mo- 
tions. Most of the scientific m(?n following Amoiitons 
agreed M^Ch his hypotheses, including Do la Hire. Ex- 
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peri incuts as to the theory of friction were also made 
by Vince and Coulomb i;i 1784 and 17G,9. Following 
these, Euler coiicliided that it deiiended on the greater 
or less approxinoitioii of the asperities of the surface 
brought into contact by p..e8j^*ire,,* the resistance to 
wliicli he agreed was one-third of the pressure ; of the 
eftect oC velc^dties ht Wits uncertain. Muschenbroek 
and others' maintained that friction incroase*d with the 
surfiic<p Bossiit divid(*d it into two kinds, the lirst 
bepig generated by the gliding, and the sec^ond by the 
rolling of the siirfiu^o of one body over another; he also 
concluded thwt it was eftected by time, but that it fol- 
lowed neith(‘r the ratio of the pressure nor of the 
mass, A great number of other stdimtilic men, in- 
cluding Lambert, Fareut, Brisson, Camus, Schober, 
Meister, Leibnitz, Varignon, Bernouilli, Ferguson, 
(Jregc-'w, Leslh , Bullinger, Young, Ac,, early in this 
century wrote on the theories of fricli(m. 

Jn the year 1784 jX* Vince made a number of ex- 
periments to dete»’mine the law of retardation, together 
with the qmintity and the elfect of surface- on friction. 
He was of opinion that the friction of liard bodies in 
motion was a i uniformly retarding forc(‘, but not so 
with soft bodies, such as cloth, which ])ro»lu(!ed an iu- 
creasi* of retardation witli an increasiMl v(*locity, and 
also that tlie quantily of friction amounted to about 
one- fourth thc‘ pressure, and that it increased in a less 
ratio' than the weight of the bcnly; that when the 
surfaces varied frqm FOJ : 1 to H)*06 : 1 the smallest 
surface gave the deast friction, and that friction was 
greatly inllucnced by cohesion. 

A very elalxirate .series of (siperiments on the laws 
of friction were undertaken by C>uulomb at tile instauco 
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of the lU’eiioli ActuloiJij^of .Seieiicos in the yeiir 1799. 
He coinin*nices;by examining the fricfion of f)lane sur- 
faces glilifig over each oMitr, and divides it into two 
kinds, t 'C th^st I'esulting from time ^ti:d the second 
from veli)ci1y. iiiA considers to de])end on five 

different caiiseli- t (1) the nature of the b*odies in con- 
tact ; (2) the extent of surface ; • (Ji) the pre 3 fi:^irc on 
tlie surface; (4) the time the surfiices have been* in 
contact; and (5) the state of tlie atftios])here. lie was 
also of the opinion that tht‘ n-iction of wood on^vobd, 
and metal on metal without ungueiit^^ was in propor- 
tion to the pressure, which attained its imixinunn in a 
fo>v ininutes after repose, and that with heterogeneous 
surfaces, such as those ol woods and inctnls gliding )ver 
each other, the intensity did not attain its limit some- 
times for days. He also concluded 'Jiai velocities hud 
very litile iiifiucmie in augmenting frictioti except lender 
peculiar circunistan<;es. 

In J 80 1 Mr. Soulhern, of »Soho, made exj)erimeuts 
on tin? surlaces of the sjundles^of griinlstones running 
ill a high speed, when he decided that, witJi rubbing 
surfaces nn>>iii!g ^it the rate of 4 fept per s('cond over a 
Imigth of surface (»f 1,000 feet, the resistance arising 
from the friction of -IjTOO lbs. of load amounted to onc- 
forticth of the Avcight. 

Mr! ({('orge Rennie’s expeiimenfs on th*e»laws^ of 
friction were 011 ^ a very extend(!d and complete scale, 
but our fti^acc prevents our giving as lengtiiened a de- 
scription as we shouhlf.wish. • liis ded^ictiojft, liowever, 
were as follows : — fi) ilial tho friction, of iiifUils varies 
with thoir hardness"; (2) that tl(C Intid uietalh Gave less 
friction than the soft’ iiiiol ; (.‘{) tlftit without unyuonts, 
and withifi* the limits ol 112 8 ounces per square 
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inch, the friction of hard metals against linrd metals 
may be estimateu at about one-sixth of the pressure ; 
(4) tluub within the limits of their abrasion the friction 
of metals is nearly alike. ^ 

For determining the fivctiim of axles Mr. Etuinie 
arranged an apparatus consisting of ra roller with ac- 
curatct^y turned, mcvablo ends ; these were made of 
three dittereni metals — viz. cast iron, gun luetal, and 
yellow brass. The axle ran in bearings, truly bored in 
cast iron, leaving the axle full play. A cord was 
attached to the roller, passed over a pnlley carrying 
a scale in which the moving weights were placed. The 
axle i)rojected beyond the bearings, and on this slings 
were hung, and carried the scale which held tin* weights 
with which the axle was loaded. The rope pulley was 
made very sensitivi , and the descent of* the Ixaly was only 
4| iindies. Fix m exp«‘riments made with this ai>pai atus, 
it ap[>eaivd wlnm no unguents were employed, and wlien 
the gun metal was loaded with variable weights from 
1 to 10 ewt., the frictiuirvjuied within the limits of 
and of the ])ressure ; that the diminuiiu;i of friction 
by unguents depends upon the weight and the unguents 
conjointly. . ’ 

itennie also made a series of experiments on the 
amount of frietion as <le[»ending on velocity. From these 
exjjeriments he eoueluded that friction did not increase 
wiih an increase of velocity. Since Iti'iinie’s a nunibe 
of eXcelhuit treatises on the laws and 'eoelHcients of 
triction have bpen published,’* notably by Morin, 
Welkner, llokeIlx‘rg, and others, aiul Jiiost of Kennic^s 
deductions have ben-n •upheld ; and although his ex- 
periments were made some fifty ‘years since?, they are 
of much practical vabic to engineers of the present 



BEARINGS FOR JVOO/Klf^RE/NG JifAC/J^NERV. 280 

day. Joule and Thoiujpsou divide friction briefly into 
two kincfs — d^ing and rolling^ — and^raaintain that the 
quantity oT frictional heat tvolved is exactly sufficient 
to repro/'ucef I he effort paused in overcoming’ thn friction. 
As most 01 the ntyre |nodern treatises on friction are 
doubtless kn^wll to many readers, I stfall pass them 
with a casual reference only. 

Beamings for wood-working machinery are usually 
made of cylindrical form, but siJmetimes conical or 
spherical, and to ensure coolness in workipg and durabi- 
lity, owing to the exoiessive friction^ engendered, they 
should be of special proportions. No hard and fast 
rule for calculating the length and diameters of bearings 
of wood- working machinery can well be laid down, 
owing to the difficulty of calculating exactly the amount 
of friction. Bokelberg gives the fjqpfficients of fric- 
tion as 0*0028 fbr small loads and low vclociti^, and 
0*0 Id for heavy loads and high velocities. Of course 
these coefficients must differ according to the condition 
of the bearings and the lubpcation’^of the metal em- 
ployed. Morin gives 0*05 to 0*07 as the coefficient for 
weh-lubricg-tedo bearings, whilst, ^recording to experi- 
ments made by Kirchweger on rail wary^ axles, the co- 
efficient of friction of wrougho iron on gun metal is 
found to be 0*014, whilst wrought iron on white metal 
is sef down as 0*009 to 0*01.^ Wlpchever “caloul^ions 
are most corrget, owing to the varying and sp(?cial 
conditions uiider which the bearings *of high-speeded* 
machinery are empkjyed, practical fxperiftnee must of 
necessity* be the eftief guide as to their correct propor- 
tions, of course bearing in mind also what pressure and 
straining forces they afe likely* to *be subject to. In 
America* 8^ a rule engineers make theii^ spindles much 
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smaller and their bearings longer than is the practice 
in this country. We are not aware, he wever, on what 
data their calculations [ks to proportions ‘ are based. 
To ensure durability and small fnction to bearings 
which support spindles running at* high speeds, a con- 
siderable am6unt of bearing surface as necessary. To 
secure'?this it is better to extend the bearing in length 
thdn increase its diameter. In calculating tl^e correct 
proportions of beatings, the kind of metal employed, 
the action to wdiich it is subject, and the mode of 
lubrication lire points, in addition to the pressure and 
straining foi>ces, before alluded to, that must not be lost 
sight of. As regards the length of bearings for high- 
speeded machinery, from three to four diameters may 
be taken as a safe criterion for spindles that are con- 
stantly running at speeds, say, up to 5,000 revolutions 
peV minute ; akove that speed the lenj^th of the bearing 
can be increased, say, one or one and a half diameter 
with advantage ; for spindles that only work occasionally 
and at a slower speed they may be made sln)rter, and 
the spindles of less diameter for a given duty, the 
friction in consequence being reduce^J. yarious me- 
chanical arra?igements for reducing friction have been 
tried, but, as a rule, with little success. In the year 
1845 Mr. John Blyth, of London, patented a [dan for 
preventing" the heating.,of bearings by means of cold 
wiiter. The bearings nvere constructed with a hollow 
cavity in the shell, through which a s.tream of cold 
water was [>as8ed, and in -the cimo of bearings which 
moved round an, external axis, as 'in connecting rods, 
flexible pi|H3S were used to conduct the water. A Mr. 
Coles, of London, soon after this, invented a system of 
anti-friction bearings, in which, in place of tLe rubbing 
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fiction of the spindlo, lie siJistituted the rolling action 
of detached p alleys. A Mr. Malletfc, of Dublin, also 
patented !«. scheme for reducing friction. In the place 
of pullc , s, kowe/er, he substituted a set 01 rollers of 
snial] dianu.*ter, which were confined in a box directi', 
surrounding ino bearinj>’S. None of theSe plans, how- 
ever, came into use. 

The idea of reducing friction by rolling bearings is 
not by any means new. On several American railways ' 
some of the most recent rolMng stock has been fitted 
with steel axles revolving on some sixty hardened steel 
rolls, so arranged that no two rolls are dn line with 
each other. These are enclosed in a box lined with 
hardened steel, and receive the whole of the fricti m of 
the axle ; they are worked without lubri^^'jaits, and are 
reported to reduce the friction in a’:ery marked degree 
even when heavily loaded. Elliptical# or ogg-^iaj)ed 
rollers have also been tried. These are eithcn- mounted 
on spindles or, where single sets of rollers only are used, 
the ends of the rollers are tuimed to act as such ; where 
more than ^ne roller in the same line is used a washer 
is placed between each one. The whole set of rollers 
are at liberty to revolve round the sha^t and plummer 
block, which is lined with hard metal. 

In this country the materials listed for tlie bearings 
of hTgli-speeded imichinery are almost ahd enfirely 
confined to gur^met.al, occfisionally white metal alloys, 
and an* alloy of later iiitrodiictioii known as phosphor 
bronze. If gun inetak is us(!d it slioul^l contTiin sufficient 
admixture of tin tf) produce a certain amounf of hard- 
ness; about 18 parts of tin to 82 wf copper is a suitable 
proportifm. The beg-rings should be cast in chills, as 
rapid cocAing is found to give ^a kind of ‘ skin ’ to the 
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surface, improve the metal in toughness, and its wearing 
power is increased. The alloy ‘ phosj'hor bronze ’ is 
found to possess in a marked degree strength, tough- 
ness, and durability. It is a combination of copper, 
tin, and pliosplioms, whiclr can b.e' so regulated that 
castings as hard as steel or as toiigh as fVrpiight iron can 
be pro(>iced, as circumstances may require. The fluidity 
of t'liis alloy is very great, producing castings <5f perfect 
soundness and very'^ne in the grain. The writer some 
few years back introduced it into the bearings of grind- 
ing and disintegrating mills with spindles making some 
3,500 revolutions per minute, and, although the duty 
was severe, after six months* use the wear was scarcely 
perceptible. The lubricant used was lard oil. From 
experiments it has been proved to have a tenacity of 
22 tons per squa^e'^inch in the softer alloys to 33 tons 
in tiif' hardest J the elastic limit of the former is about 
5 tons, and the latter 25 tons. The soft alloy stretches 
30 per cent, before fracture, and the hardest not more 
than 4 j>er cent. Samples of unannealed wire of 16 
B.W.G. broke at from 102 tons per square inch to 
151 tons, and when annealed at 48 -to -'^4 tons per 
square inch. ..dt is also stated that a bar of phosphor 
bronze has resisted without rupture over 2^ million 
twists at a strain of 12 tons. 

In tire International Exhibition, 1878, at Paris, a 
niTmber of bearings, slide valves, pi8to,n rings, pinions, 
&c.,'inade of phosphor bronze were exhH)ited.' These 
had been tried under varying conditions, and in some 
cases in 'competition with gun inefal, and the results 
were vastly in favour of phosphor bronze. We espe- 
cially noticed a set of gun-metal *and phosphhr-bronze 
bearings tliatVere used side by side in crushing rolls, 
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working at liiO revoluti‘»iis per minute, each roll having 
a pressure of tons. Theae^bearings were at work a 
year ami nine months iiiglt and day, and wlien re- 
moved Jie Voar on Jbhe phosphor bronze was very 
small imhiod, whils^i ili ^ gan metal was entiiely worn 
through. .Npt’^/ithstaiiding that phosphor bronze is 
more cosily and somewhat more difficult to manipulate, 
it must •be considered a most valuable allo^, mjt only 
for bearings but for bolts, pins, t^c.* where great^tensile 
strength is required. 

An alloy for bearings, composed, of tin and phos- 
phorus, has recently been introduced on the Continent. 
It is claimed for it that it is easily fusible, iindts at 
380° C. (020° F.), does not heat, and there f(*rt; requires 
little lubrication. Its shrinkage is littK and it is un- 
affected by acids. If it is found to fulfil all these 
conditions it should b(' of considerable •value fowsorne 
classes of moulded bearings. 

Ii^ direct contrast to English practice, American 
euginetn-s almost invariably make or line the bearings 
of their wood working machinery with a soft alloy, such 
as Babbitt mielal or Parson’s white brjiss. These alloys 
are melted and moulded or poured rcyiriia the spindles 
which have to run in them. Considerable care has to be 
exercised in this operation, and the spindle set tc a^lead 
level. The metal should not b:: over hot, and Both sides 
of the bearing siiould be poured at the same time. The 
bearing shouM then be scraped and the sph idle ‘bedded’ 
in the usual manner.'* A lafge number of white metal 
alloys have been introduced durijig the last thirty 
years by Grafton, Yaucher, Parsdns, Jones, Lechesne, 
and others. Lechesife patented an alloj- in which he 
used cadmium in combination with other metals. The 
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formulee were as follows : — Go])A)er, 650 parts ; nickel, 
275 parts ; cadinium, zinc, and tin, 25 parts. Cadmium 
is malleilble and fuses at "a low heat, but volatilises 
rapidly, and considerable diliicxdty is experienced in 
combining it with other metals,-; bi“t, frpm its nature, 
we should imagine it would prSduce a*'"’ fine surface on 
the , beaming, 'and consequently friction. The 

alloy most" popular in Anierjca is known as Babbitt 
t metal, ^which is a misnomer, as the invention of Mr. 
Isarc Babbitt, which was patentt'd in America some 
forty years ago, consisted in constructing the bearing 
with a lip around the edge of tlu^ soft metal, to prevent 
it running out, and not in any mixture of mtdals. In 
addition to Babbitt’s, different forms of bearings have 
been introduced in America by Rice, Goodman, and 
others. As Goodman’s invention, introduced in 1855, 
is sonfewhat no\xd and departs from the beaten track, it 
deserves cnore than a passing notice. The novelty in 
this bearing consisted in the substitution of a bearing 
surface of some vegetable substance, such as hemp, 
saturated with a mixture of tallow, sulphurj'and black- 
lead. The boa rings •were made of citst if on, and a 
series of ribs Extended longitudinally the whole length 
of the bearing. The space between these ribs was fitt(*d 
tighy V witl^ either hemp, flax, wool, cotton, or shavings 
of leatherl The durability of the material employed 
seems to have J)een established ; but, ‘‘either from its 
resistance tq motion and the extra pov^er therefore 
required to drive, from some otlier cause, it seems 
never to have come much into use. As ri'gards white 
metal alloys for hearipgs of bigh-ypeeded machinery, 
after considerable experience we ciinnot speak in their 
favour ; there may be letfs friction in their use, and they 
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may be somewhat cheaper in their first cost, but, as 
they require constant renewals^ anything gained in this 
way is soon lost. For sjnniles running at moderate 
speeds and \\fiihout a h^avy load or stvain they doubt- 
less jiossess some advantages, either when used as linings 
or as solid beajrhigs ; bat for high speeds *and energetic 
friction the} cannot b<^ recommended. 

All the chief bearings of high-speeduu -uitioiiiiifs 
should be made adjustable for wear.* This is especially 
important where there is a great ‘ pull ’ on the spindle. 
This compensation is easily secure^ by dividing the 
bearing vertically and at unequal distances, and fitting 
set screws through the sides of the journal. Arrange- 
ments should also be made for taking up the end play of 
the spindle. From the high speed and the dust and 
grit floating about in saw mills, the bearings of wood- 
working machinery, ui.Iess well fitted aftid well looked 
after, are especially liable to ‘ fire ’ or ^ seize.’ If this 
should be the case, they should be at once taken out 
and the faces of the bearing let close- together, the 
abrasions being removed by a ‘ scraper ’ and the bear- 
ings accurah^ly vebedded on the spindle. Should this 
not bo done, considerable trouble will bo ^bund in keep- 
ing it running even with excessive lubrication. Very 
great care should always be exercised in fitting bear- 
ings, the spindles being bedded with red lead an(f the 
bearings scraped till the spindle runs easily at a dead 
level ; they should not fit the spindle too tight nor yet ‘ 
too loose. In the liglftest clSss of higii-spee^od spindles 
centre beaidngs wilh end adjustments have some .ad- 
vantages, but for the general” rail ge of machines we 
think the prdinary pifrallel cylindrical bearings, taking 
everything into consideration,# are to be preferred to 
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any otlier form. Wlien chea^^ess of production is 
essential we can strongly recommend t^e use of cast 
iron for J)earing8, as a steel, spindle revolving on sound 
cast iron of not ^^00 hard a textip-o is founu to produce 
a fine surface. ; 

For bearings such as those used in - n^chines with a 
reciprocating ^motion, that are difficult, from du»?t or 
other causes, to keep lubricated, sonic kinds d’ wood, 
although little used In this country, have many advan- 
tages. Lignum vitm, box, and pear-tree woods are 
suitable for "this purpose ; but all resinous woods are 
unsuitable. All bearings should be guarded from dust 
as much as possible, and very efficient lubrication 
secured. This in connecting-rod and sonu‘ other bear- 
ings subject to excessive friction is often a matter of 
some little dfficulty. We have found a brass needle 
lubricator, consCructed on wliat is known as Lieiivain’s 
patent, tolerably effective for ordinary purposes ; but 
where the friction is great an additional tallow cup 
should be provided, the tallow in which would melt in 
case of the bearing heating. For metal rubbing on 
wood, water is found to be an excellent lubricant. Sul- 
phur, blacklead,. or plumbago reduced to a fine powder 
and mixed with tlie oil or tallow applied to the bearing 
is found to retain the lubricative qualities of the oil, and 
reduces the frictioq, considerably. We have recently 
heaid soap-stone very highly spoken of^.as a lubricant 
for high-speeded spindles. It is first reduced to a very 
fine powder, had wjislied to ye move all gritty particles ; 
it is then stirred irtdiluted muriatic a6id, to dissolve any 
traces of iro'h it may contain. The powder is then re- 
washed ill water to" reifiove the* acid, dried, and mixed 
with oils or fatS in the p|;oportion of about 25 |>cr cent. 
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for machinery to about 40 per cent, for heavy 

machinoVy ruiining at a somewhat Hower speed. It is 
said to r ‘tain well the oleaginous properties of the 
lubricant, And to produce a very fluo surface on the 
bearing. We hafe fotind pure sperm and olive oils 
very fine lubj;ic.^nts, but their cost in a (Jbgree precludes 
their use, except for light spindles. An ai^ifriction 
grease •composed of hog’s lard, guttapercha, and f)Ow- 
dered blacklead is mucli used in the United States. 
All fat oils should be stored in a moderate temjfcratnre. 
If exposed to much heat they are found to decompose 
and lose their oleaginous properties. We have also 
used pure castor oil with very considerable success, as 
it is free from acid, does not clog, and, owing to its 
clinging properties, does not run out jf the bearing. 
Self-oiling bearings of various Linds have been 
teiited and introduced^ with more or k*s success^ One 
of American origin, patented in 1865 and made by 
J. K. Fay and Co. and other firms, is esj^ecially adapted 
for circular-saw spindles. The twt> I'cdestals are cast at 
either end of a bracket, which is furnished with oil 
chambers,# connected together by a recess extending 
diagonally. The oil is conducted from the chamber to 
the bearings by means of cotfon wict or felt, whicluis 
fitted in the before-mentioned recess, and, after passing 
through the bearing, works its way back i53*the Cham- 
bers. The oil^s thus kept in constant circulation. 

Tlie spindles used in high-speeded machinery ..hould* 
be made of the soundest material pos^feible, as, no 
matter how well ^constructed and lubricated bearings 
may be, if the spindles are seamy the fricticfii is much in- 
creasedt and consideralJle difficulty is found in keeping 
them running. All cutter blo 4 jk 8 and pdlleys should be 
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accurately balanced. They should never be worked at 
short centres ; and all driving belts should' be of ample 
width; the transverse stram, which is so destructive 
to bearings, is thu's minimised, and the cost of belting 
and lubrication reduced. Steel is to’ be recommended 
for spindles in preference to iron, on '^account of its 
homogeneity and rigidness. By its use the diameter 
of the spindles can also be reduced considerably — say, 

, about oi)e-fourth. 

In machines whose cutter blocks have only one 
bearing immediately supporting it, such as overhung* 
cutter moulding machines, vertical-spindle shaping 
machines, &c., the superior rigidity of steel is especially 
valuable, as, should the spindles spring from the exces- 
sive pressure which they arc sometimes subject to, the 
bear jugs are lupidly destroyed and the work turned 
out is cf an inferior description. 

‘ Footstep ’ bearings, or those on which the lower ends 
of a vertical spindle rest, are usually solid, a cup- or 
obtuse V-shaped recess being turned in one end of 
the bush in which the spindle revolves ; Sometimes, 
‘however, conical Ixjadngs are substituted. ** In either 
case these bearki‘^,s should have both lateral and verti- 
cal' adjustments ; and, as the dust made in working 
necessarily absorbs much of the lubricating matter, a 
recess for oil having, direct communication with the 
bearing surface should be formed in the pedestal in 
which the bearing is fitted. Should a bea^*ing become 
heated or ‘ seize,’ pour cokV'watcr'on it till thoroughly 
cool This heatin^often occurs with new bearings, and 
may arise from sevi^raf causes— ;viz. \vantof lubrication, 
the bearing oi; spindle being out'of truth or badly 
fitted, from a ‘ seamy * upiiidle or the bearing being 
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screwed ^(1 own too Should the bearing be much 

abrado-l Ijy tlfe fr’ction, it wi^ bo necessary to remove 
the arnnale and * scrape' tile bearing before restarting. 
The love] of the spindle should be tixd, and* the bear- 
ings well lubricated; the cap screwed down lightly, 
and the spiijdle worked for a short time without per- 
forming any duty. 

If c(hiical bearings are used care must* be tak(m 
that the spindles are allowed no ^nd play. This can 
be secured by fitting a steel pin, screwed at its ^wn 
end and passed through the end of J^he bearing till it 
touches the end of the revolving spindle. The stee^ 
pin can be scit up by a nut, and the end nearest the 
spindle sliould bo of somewhat smaller diameter, and 
a flat filed on its side, which will form an efficient oil- 
way. 

In practice it is o^'ton found more •difficult keep 
bearings well lubricated that are subjeci' to,, constant 
and great pressure than those which carry spindles re- 
volving at high speeds, as, fr«iii the weight of the load, 
after runniiig a short time their unguents are expelled 
from the •beanings unless especial provision is made. 
For this class of bearings unguent^ -^’dth a metallic 
base, such as plumbago, are found the most efficient. 
A dry metallic composition has recently been intro- 
duced for lubricating purpose*, it is madc'in th? form 
of small cylindrical plugs and insertcil in holes ffiade 
in the solid® bearings or surfcices requiring lubrfcating.* 
It is reported to Tseaj at temperature o^ 450'' Fahr. 
It is known as ‘ nu^taline,' but we cannot* from our 
own experience sp^ak as^to its vahie. 
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CHAPTER XX'XIV. 

MAOHiNB FOUNDATIONS. 

The proper fiAing on adequate ibundations lias much 
to do with the. satisfactory performance of wood^work- 
ing machinery. In the case of imicliines working on 
the rotary principle little difficulty is experienced as 
regards foundations, the stress being as a rule easily 
absorbed by well-apportioned framing — that is, on the 
assmhp^ion thatti^K* working parts are ail truly balanced 
and lifted. With machines with a reciprocating action, 
however, it is different; considerable difficulty is some- 
times found in arraiiging tliem to operate with a mini- 
mum of vibration. 

Conditions sometir^es ari.so in conseriiienco of proxi- 
• mity to tidal rivers, or on undrained land, where, before 
a machine requiring a deep foundation cun be fixed, 
especial means must be taken to get, in the first 
8tance,^a solid basis. , Wlu;re the water is very trouble- 
sonie\.,nd difficult to get rid of, and wherOothe weight to 
1x5 supported and vibration' to be absorbed a>e consider- 
.able, as in thfe heaviest class of log-sawing frames, we 
have found ‘a series of English elm piles to make the 
most durable And satisfactory foundation. The distance 
apart, and the depth they should be driven, must depend 
on the action of the mac^^ine, the weight of tlie load, 
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and fche na 1 :ure of «ho soil. The tops of the piles 
should 'be s^wn off level, and sleepers or planks fixed 
tid'isvei^ely on the top of J^lfem. This will n^ake a safe 
and lasting foundatu^n. The piles jj,nd, slhepers should 
be creosoted. It is als^) advisable that tho machine 
should be *fls^d on \aii extended befi-plate of extra 
massive section. When the ground is mbis^^only, and 
muchfConcrete ia Unnecessary, a good pli^n is tb ram 
the substratum firm, ailtt cover with a layer of broken * 
stone or slag to about 6 inches in depth. *[1110 thiS 
layer pour melted asphalt. This, wlft 3 n cold, %inds 
together in one solid mass, prevents chimp, and gives 
a strong foundation for the subsecpient masonry. 

To reduce the depth and lessen the cost of exca- 
vations, saw frames should be conrecU‘d to the crank 
shaft by two rods, one on eitl^r^side of the frame. 
The vibration Is also reduced considerably by ^ofinter- 
balancing tho reciprocating parts, and by arranging the 
crank shaft as near the base of the machine as possible ; 
with saw frames a fly w^jeel or V heels is found to 
add considerably to their steadiness in working. If 
the saw /ram^ is fixed on masonry, we have found the 
vibration considerably lessened by thi introduction of a» 
sheet of lead or a thin piece'of harJ wood betweeivthe * 
base of the machine and crank- shaft plummor- blocks 
and the masonry. As regiy’ds tjie masohjy eifiployed, 
stone is of course stronger iftid more solid, and^offers^ 
a better ncsistance to vibmtion, than any other, bfit^ 
its greatly increasW cosf^ is somejyhat bf a bar to iti 
general adoptiefh for all classes of machinery. The 
strength of a stone foundatien depends i?i a great mea- 
sure (tn the quality of the stonb eniployed, and also that 
the sii^* and shape of the blocks used tre in proportion 



30 * 


WOOdUvORKINCt machinery. 


to the strength of the stone. The mortar,* too, used for 
this purpose shoul« be of the very first quality* and the 
stones accurately dressed. ^ If the dressing is badly 
done, and. the pressure is unequal and severe, they are 
liable to fracture,^ Some classes of stone can safely be 
employed for machine foundation in b^doks of almost 
any size, but in othei-s the sizes of the blocks should 
be proportional. A safe rule is fo make the length of 
the block, say, about three tiiiies the thickness, and the 
width oiiC and a half times ; blocks of long dimensions 
in pioportion* to their thickness ’should never be used, 
as with heavy machines with a reciprocating motion, 
with a positive stroke or dead blow, the risk of breakage 
is considenible. Oare must be taken that the masonry 
is accurately levelled, aud set as near perpendicular to 
the direction of the stress or pressure as possible. The 
top ‘blocks of stone should Ixi crampdtl together, and 
the jofnts filled in with molten lead. The horizontal 
mortar joints should be from ^ to J incli in thickness, 
and the vertical joints about inch. These various 
precautions may appear to some to be slightjy unneces- 
sary, but, as excessive vibration and stress is, in a great 
measure overcoipe by the W(*ight and solidity of the 
foundation, the flaming of the machine being as far 
as {X).ssible eombim*d with and, so to speak, made in- 
tegrak.witb the fouiulatioi|, this can hardly be so. 'The 
qiiaVty of tlie work tinned out and the longevity of, 
,the nvachine detfeiid also»inore on the stability of the 
foundations ^han is gcneniUy imagined. The founda- 
tion bolts flhoiild bf of strong section, ‘’and tin? plates of 
ample area. bolts sljould piiss entirely through the 
masonry, and we havet found Llier^ is less liability to 
fracture or work loose b^^ any sudden strain by inter- 
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veniiif'* a pie 03 of bard wood between the plates and the 
masonry^ V^ood-worl{in<^ inacbinqp with a recipro- 
cating Illation should nevgr^be placed on a, wooden 
floor, exc(ipt those of the very lightest class,, and even 
these should bo iVJcuratoJy balanced* In constructing 
machines witft .a recipi^ocatiiig motion it may be taken 
as a safe rule that the machine fl,^ming and* foundations 
should J)e made as ^lid and stable as pos^ibTe, \^iilst 
the reciprocating parts ^loiild ergnbine strength with 
lightness. In machines with a rotary motion ^nd the 
straining forces acting horizontally to the axis of mdtion, 
brick-work or timber foundations are usually sufficient, 
but for the heaviest class of machines, such as rack-saw 
benches or planing machines, if the earth foundations 
are at all unsound, concrete or riibhlo niasonry are to 
be preferred; but for all kinds ^f ^foundation whore 
great strength ifud sohdity are required ashlar ma.-lbnry 
is undoubtedly the best, and we are of opinion tfiat any 
reasonable extra cost incurred in the shape *of perfect 
foundations fl)r high-speeded inaclfines is more than 
renaid by increased steadiness in working and conse- 
quent imj^roveil quality of output. As a rule of course 
inferior production in machines wiili 5^ rotary motion is 
directly traceable to loose bearings,* weak spindles^ or 
insecure bearings, improperly^ sharpened cutters or un- 
bahfiiiced cutterblocks; butjt cannot bo*(\enie^l that, 
in the first instance, weak or hisecure toundationffecon- 
tribufe largely, through impoi’fectly aUsorbiiig thi stres*^ 
or vibration, to brif^g abor,t some ihest^ results, espe- 
cially in machines witli tlieir framipgs put together in 
sections. If brick-work foundations a»e -used, care 
should® be taken *tji at •the brkks employed are hard 
and wefl! burnt, and Portland or Ronmii cement only 
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should be used. This is especially neceiJsary in damp 
situations, as some classes of bricks are found to absorb 
a considerable amount oi moisture, and this, combined 
with uneqn/il settling, destroys the rigidity and stability 
of the masonrv. 
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SHAFTING -AND GEARING. 

In order to ensure the ccouomie tninsnii6.^ion of pojver 
by means of line sliaftin<^ from the motor to the 
various machines, the whole of the sliaftnig should be 
accurately turned and fitted at a dead level, in bear- 
ings havnig both vertical and lateral adjustment, and 
provided with efficient means of lubrication. All pulleys 
should be turnec^ rounded soiiunvlfat' on face, and per- 
fectly balanced. The shafting slioukf be speeded to 
make not less than 250 revolutions per minute, and all 
pulleys therefore should be accurately proportioned and 
all superfluous weight of metal avoided. 

We are ^afraid many of these points do not receive 
in this country the attention th«y deserve, which is 
in striking contrast to American prioKce, Avhich has 
worked out and brought them to a considerable degree 
of perfection. 

Shafts for transmitting pUvyer \o diCerent parts of 
u. building wei% at one time^ constructed of wood or 
cast iron ; tllese, however, have given way to wrought 

iron, or in some cifses t(J Bessemer steel, which in 
• • • . 
Siiafts of small diameter has the advantj^ge of addi- 
tional stiffness. Line ^haftinjj is .subjected to con- 
siderable^ Jorsioiial aftd bending strains, ^jiit more espe- 
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oially in saw mills, wliere the speed, iiunil>er of pullejs, 
iiiid belt tension is < excessive. This should be^boriie in 
mind wlven calculating tlfc diameter of the shafting and 
the centres 'of the bearings to be employed. 

Ill arranging shafting fev* a mill, the first length, 
which receives’the power fjom i)ie prime 'liiover, should 
be of g’*eater diameter than the remainder, and the 
beafings placed closer together- say, live or ;5ix feet 
apart, whilst eight or nine fe*et apart on the ordinary 
shafting will be suftieieiit. To prevent end play, a 
collar should ' be fitted against Uhe bearings at either 
end of the shaft. The driving pulleys on which there 
is the greatest strain should be placed as near the 
bearings as possible, to avoid any cliance of the sliatt 
springing, should any undue strain be put upon it. 

In calcidatiug hhe diauiebn* of a shatt it will lie 
found jiiuch better to err on tht‘ sith ot strength, as, 
should a shaft spring from iusulUciimey of size, tlie 
money lost in stoppages, lining up, v.'cc., w'ould in a very 
short p^eriod pay tor the ditferem^e iu tirst cost. 

lu coupling lengths of shafting the jiljiii of using 
a solid slec\e or box^ot metal ktjyed to the Jjliaft is still 
generally adhv>"‘d to in this country, for what retison 
we are at a loss to see, as it is both elumsy and incon- 
venient. 

A' very light am] convenient form of coupling, \nuch 
useG ill the United States, is kmovn as the double- 
cone • vice coujding, originally inirodured aMd pji- 
tented, we belhive, by Mes.ys. Wi,biam Sellers and Co., 
of Philadelphia.. Jt consists' of a®cylindrical barrel, 
which couples ilie shaftn. The inside of this barrel is 
turned to a double dmical tbrm,: 'ixdween tke barrel 
Aud the shaft! are fitted two sleeves, the ifttsides of 
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which are conical and the box, and the insides are 
bored to ht the shaft. These slcevesi are cut completely 
tlirc uj^ii c a oiivi side, and are •made to close concentri- 
cally upon#! lie shaft ^bj^ means of three s''qiiare bolts 
fitted in slots cu^t into +hc sleeves and barrel, and 
running pai’Vriel to tJ'e sliLuft. These tiouplings have 
the additional advantage of beii»g easily \ibc^ipled in 
the cen^e of a shaftffor placing or reinovipg puWeys, 
without the great troublb of drifting keys, as in the 
ordinary box coupling. • 

All bearings should ha.ve a perfectly ligid seat*and 
be well luliricated. Various jdans *of S4jlf-lubrication 
have been tried, with more or less success. Where 
belts have to bo run at high spetids, especially when 
over small pulleys and at short ceJitres, t great loss of 
power, :ncreas(‘d friction, and con.^eqn.mit deterioration 
of belts is occasioned by the belts sliji^iing on t^e face 
of the pulley. To obviate this powdered I'esin and 
various other substances arc used to increase th(i grip 
of the belt, but these have the disad\^intage of having 
to be constantly applied and at the same time destroy 
tiie belt. ^We liave se(m vocontly in use a peculiarly 
prepared paper, whi<*h is cut into strips the width of 
the face of the pnlle>" and sev^eral layers cemented ">n 
together. On the pulley of a (lynamo-electric machine 
on \^^lliGll wo saw it tried, the belt ran trfiwr tkan on 
^ plain pulley ^and the coutaci- of tlie belt was ..lore 
uniforfti ; a steadier light was consequently produced.^ 
We think altogether, the uf cc^erin^ pulley-faces 
with pajier, to j)r»?vcnt slipping of belts, is fto far suc- 
cessful that if is deserving of further and nftn^ extended 
exporin^jiits under v^ryiSg conditions to determine fully 
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its merits, and the exact gaiii,| if possiWe, in power, 
motion, and in loss^of friction, accruing from rts use. 

A flat endless band of yidiarubber and canvas, the 
face nearest the ^yilley being unyiilcanised, oan also be 
used with advantage for increasing ike gripping power 
of the bolt. It should be made /*>f lesSrr'hHus than the 
pulle}’ — ^ay,' about one inch to the foot — stretched on 
to it* as tight as possible, and cemented. 

With a view of reducing triction and economising 
oil, Mr.* A. Barclay, of Kilmarnock, in I8e54 invented 
and patontcd*an iinproved journiil and bearing for hori- 
zontal shafts, dll which the oil would lie repeatedly re- 
used. This was carried out by forming ihe bearings to 
extend considerably beyond tlni collars of the journal ; 
the extended ends of the bearings w(‘re holloweil out 
internally to form, idl cups; the oil, supplied from the 
top In fhe usual cv ay, passed over the frktional surfaces, 
and was ^caught in the annular cups. The oil was 
re-used by means of the bearing collars, w*!!!!*!!, as they 
revolved, caught it up am] carried it h) the top bearing, 
part of the inner faces of which were inclimMl upwards 
towards the centre, h;aving a way for the oil,, which was 
thus redistribid<^d over the rubbing surfaces. Many 
irr>difications of this plan of lubrication have been 
tried. One journal, patented by Moliler, has a bottom 
bearing only, which, is divided into two parts by a dollar 
on the spindle ; the lowVr part of the journal is made;, 
hollovf, and forms a restrvoir for the oil, into* which 
the collar dips, and as it revokes it re-distributes 
the oil to the bearing on either side.® There are objec- 
tions, howevbr, to this p^au of lubrication, as, after the 
oil has been used some* tiTiie, is found to absorb an 
excess of oxygfeu, which^ reudors it coinparafo\ely use- 
iesp. 
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A sclf-lu^ricating , bearing of some novelty was 
patente<l*as rt^cently as 1878 by Messrs. Chapman and 
Sutton . of -London. In tliei j ift vention the bearing block 
is recessed form an, oil chamber. A narfow roller is 
mounted in this recess, having its lower part immersed 
in the oil anj^its upper pari in contacf with the shaft 
through an opening cut in the bearing. * When the 
shaft rewolves the smtiller roller revolves alsq, thus con- 
stantly bringing the oil from the chamber tc the shaft 
as long as the motion continues ; when the shAft stops 
the lubrication ceases. The oil, after being used off the 
bearing, is received in a channel and conducted back 
to the oil chamber for re-using. 

Main driving pulleys which transmit a large amount 
of power should be of extra strong sectio n, and in some 
cases should be constructed with d^ub^ arms. All loose 
pulleys should Ife bushed with gun mel^l and kept well 
lubricated. The boss of the loose pulley should be at 
least twice the length of the fast. As regards lubrica 
tion, we hav(5 seen many plaps, but iloidiing better than 
th^' old-farhioned one -of drilling a hole through the 
rim of puljey nud boss, and fitting into it a piece of gas 
piping, which is tapped at its top end, 4 j,nd a flat-headed 
screw let in flush with the j^eriphory. Constant c*^re 
must be given to loose pulleys, or considorabk trouble 
willhe found in keeping them hi order. Putleys made of 
wrought iron J^ave come somewhat extensively intD use 
of lafe years ; they possess the advantage of lightness^ 
and strength and arse easily fixed. olA^iate the con- , 
stant tension of the belt a Mr. Streit patented in 1877 
an arrangement of making the fast and loosfi pulleys of 
varying diameters,*the* loose pfllley being made of less 
diame^*than the first. Th^ belt is telieved from all 
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strain whilst running on it, the friction on the 
shaft is reduced toVx minim iini, being tlipt onfy engen- 
dered b} the weight of th-e belt. The belt <also has 
time to I-ecover^rits elasticity, . and therl^fore wears 
longer, as it is found in pnictice thift when a belt once 
reaches the limits of its Idastitfity it 'rony rapidly de- 
teriorates The plaif of using fast and loose 2 )ulleys 
of varying diameters cannot., howeVer, be co^isidered 
altogether novel. In*5jtopping and starting high-speeded 
machines care, should be taken that the belt is passed 
from the loose to. the tight pulley very gradually by 
means of a sc\*ew or some similar method, as the shock 
occasioned by starting a heavy machint* suddenly is 
very considerable, and is decidedly detrimental to the 
working parts of the machine. 

In plac<‘ of tie' ^ Id-fiishioned form of clutch coup- 
ling, which is 6'pen to many objections, we can confi- 
dently recommend the employment of a friction band ; 
it can be applied to pulh'ys round the boss of the wjheel, 
the pnlk'v in the. first place being fitted on a flanged 
busli or sleeve keyed to the slia ft. The fraction band 
is split, and fitted with a bolt baving^ a cum-shaped 
head, which en^iges with another cam on the friction 
band ; a curved lever is. attached to this bolt, and is en- 
gstged by a cone on tin; shaft; ilio cone is grooved and 
workcU by a shifting lewr, and when moved towards 
the fpctioii band is contraoted round the* 

bo.ss oY the wheel and carried round with the sliaft, or 
vice versa. 

As njgards toothed gearing for transmitting motion, 
w(5 need hardly say if should be constructed on true 
mathematical j>rinciph*.s, and esp<*V*ial care .|hould bt' 
taken that the wbe^d.s arc moulded very accurately ami 
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tte right amount of tapyr given to thi^j t(‘otli. From bad 
moulding*, warping of pattern, or carelessness in ma- 
chine n. mlding, a large nu^ihor of the toothed wheels 
turned mit .fie very inferior. The teeth are often allowed 
to boar on each ottier on o,no side, and being usually 
made of cast*irCn, constant llrcakages are the result of 
any sudden strain. In practice we have fyund yiachine- 
moulded wheds tef be the most accurate. * For iAter- 
mediate pinions or wheels whei^ great strength is 
required the teeth arti often cut from the sofid by a 
machine, but the great extra cost precludes their** use 
except for special purposes. Where tiic frh'tion is 
very groat we have found wheels made of phosphor 
bronze very advantageous, and in the end economical. 
A mild cast-steel wheel also gives very good results; 
malleable cast iron, although founi to s ary considerably 
in its quality and fibre, and consequi^it resistance to 
stress, is much to be preferred to ordinary cast iron. 
In sij];iall wheels and pinions where additional strength 
is necessary the teeth shouhl be ‘ shrouded ’ that is, 
the teeth are all joined together by a rim of metal at 
their outsitle periphery, which will add to tlnnr strength 
some 40 per cent, or more. When laiige power has to 
be conveyed directly from one §hatt fo another in cl'>se 
proxMuity, mortise or cog wheels can be used with ad- 
vantage if the speed required .s luit too grefii. Wooden 
cogs should bei about one-third thicker than the^ iron 
teeth *of thd wheel with they are engaged , the}^ 

should be made soniPewhat* shorter itfud thicker at the 
root of the tooth*thau ordinary wlieels. Cure should, 
however, be observed iii slioiteifiug the teeth that the 
arc of tl^eir contactf is not too ihnch reduced. In prac- 
tice involute teeth are foun4 strongei^thaii cycloidal. 
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The shorter teeth are in moiletration, and the thicker 
they are at the rool the more stress they will bear. In 
cycloidal teeth it may be taken as a safe rule that the 
flanks of the teejii should never be described with a 
rolling circle the diameter bf whidi is j^reater than 
half the diameter of the pitch *line iiftide Avhich it is 
rolled, ai'd it is found* that the smaller the diameter of 
the describing circle used for the flVinks the stronger 
the teeth are. For fiigh-speeded machinery, where the 
stress and friction are excessive, toothed wheels should 
be made about one-third wider on the face than for 
slow-running ‘machinery ; so that the contact of the 
teeth may be spread over a considerable surface, ena- 
bling them to resist successfully the increased stress. 
Care should be taken, however, that the teeth are not 
allowed to sluh* onft against the other. All toothed 
wheelsit— say, uttder 18 inches diameter — where the 
stress is Tt'rv severe, such as the intermediate feed gear 
of planing and moulding machines, we recommend .to be 
made solid. We ourselves» have used phosphor bronze 
for this purpose, and have found the vibration lessened 
and consecjuent wear, of the wheel much’ improved. In 
America with H^u^hines of this class it is the practice 
t<y' make the intermediate gear to work expansively, 
thus allowing the upper feed rollers to adapt themaelves 
to the "irregularity of- the timber. This plan lessens the 
straiii consideral^ly, and is a decided improvement on" 
fixed gearing. In comparing belt with toothed gearing 
for transmitting f/Ower, the halftnce, except under 
especial circumstahees, is in favour of the former, as 
belt gear requires less ihotive^ power to transmit the 
same effective force; it is also ccTiiveyed mqre evenly 
and with less noise and vibration, especially if the 
gearingi’s at ftll worn or badly {4»’oportioned. 
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BELT O^ABINCf. 

The belts employed Tor driving wood* working •ma- 
chinery should by preference be made of leather, except 
when used out of doors or wher^ likely to be wotted, 
when the use of vulcanised indiarubber or india- 
rubber cloth is advantageous. Thov i.re sometimes 
made of other materials, such as ^ott^n ; and recently, 
at the International Exhibition held Ui Paris (^8/8), a 
belt made entirely of paper supplied motive power to 
some twenty wood-working machines. Tliis belt was 
manufactured by an American firm, 'and was known as 
Crane’s patent Japan(?se paper belt, and after twelve 
months’ \% 3 ar it appeared in capital order. It is claimed 
for these belts that they ani lens in fij^st cost and wear 
longer than hnitln^r. This, however, we are not in a 
positjou to verify. 

In 1853 Mr. W. Paxton, of ^ohnstoiu% introduced 
driving bands^omj)Osed of a series of cyhndrical ftjtton 
bands or oords attached tcj^ether, side by side anA 
rolled flat, giving io Ihe* finished^band* a transverse 
section similar tS that of leather. . This form of band 
should possess a large amount of driving-pdwer and be 
suitablb for moderu^e speeds. • 

Leaffier, from its strengtli^ pliability, and durability, 
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is up to the present the best knqiwii material to employ 
for all ordinary liachine bands, but f^r extra- wide 
main dri/in^f belts vulcanised indiarubber is used and 
preferred by manyt It has the advantage 6ver leatlier 
of lower first cost and greii+er driving power ; but it is 
a moot question, consideriibg the* dif!iciv3tyr;Of repairing 
by unskiUed labour and other points, which in the long 
run IS most economical to use. Foi* narrow belts, or 
belts that are obliged to be run at short centres or high 
velocities, engeiidering a considerable atnount of heat, 
our opinion is ‘ the/e is nothing like leather.* 

We have seen in use some of Gandy’s patent driving 
belts, made of American cotton, which was folded and 
sewn together longitudinally, and saturated with some 
oily composition, which renders them proof against 
water or change ^of temperature. In joining them 
transversely the ''ordinary junip-joint, sewn with laces, 
was used,. They appeared to run true and grip the 
pulleys well ; but as to their wearing capabilitif^? we 
are not in a position the '’peak. From tests made by 
Kirkaldy, of London, their breaking strain, its compared 
with leather, is very high. Experiments were made 
on belts of fitA’qches in width, with the fcdlowing 
results: — Best ordinary.. leatiier, breaking strain 
lbs. ; Helvetia leather, 7,522 lbs, ; eight-ply Am^icsin 
cotton* ll,Vfi-3 lbs. As tlicse cotton l)elts are produced 
at a considerably^lower first cost than Uather, we pur-w 
^j)Ose taking an early oppewtunity of testing theii* suit- 
ability for driving higli-speeiled, machinery. 

In calculating the transmission of speed by means 
of belts allowance must always be made for the ‘ slip ’ 
and deviation of the belt, but mote especially* in con- 
nection with wood-workkig machinery; running, as it 
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does, at high* speeds, cjttcntimes at short centres and 
O'.er siiiull pnlleys, in the midst of Jliist, which renders 
the lea'iieV less pliable, tln^ ‘grip’ or driviner -power ot 
the belt is Considerably lessened. 

The strength rf the b«st oxdiide belts used for 
belting has bijei# calc (dated al about 3,085 lbs. per square 
inch of section. This is reduced at a xi vote/ joint to 
1,747 lUfe., and to ^60 lbs. at a laced point. * One-fliird 
of these figures may be given as a %afe-working tension. 
As belts, however, vaiy much in thieknes.^, the Allowing 
table ill lbs. per inch width of safq-worldng tensions 
may be of use : — 
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Thickness o£ Belt 

Workiri}? Tfii'-ion 

j 'lluckiicss of Blit 

Working Tension 

In. 

U«. 

In. 
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00 
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180 

J 

80 

^ • 
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100 

11 

¥ 

220 

¥ 

120 

1 10 

# 240 








For trafisniitting pCwer in high-speeded machinery 
belts shoultl bomiado about one-thy’d v/id^‘v than is found 
necessary in machines running at a slo«i)j; speed, and the 
smooth side of the belt should ^’un next the face of the 
pulley. All belts should be made even in tidekness 
and *neatly joined, and the driving pulleys* accurately 
•turned and rotinded on fiice, or some difficulty \flll be 
found in nAkiiig the belts Jam true. Twisted helt^ 
should he avoided Tis ^mu^h as pc^ible ; but if it is 
found necessary to connect by belts •shafts that are not 
parallel, care shopld takCii *tliat the belt .should 
a.lways*bc in the plane of rotation ot the pulley to 
which it is approaching, without regard to the retiring 
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side, wliicii may be deviated tr<jin that plane without 
affecting the belt, ^jlf this rule is borne p inkid, little 
trouble by belts running^oijf the pulleys will be expe- 
rienced. 

Wlien belts are required of a greater width than 9 
inches, a double belt is preferable to a ^’ilg'le one and is 
found to^ruii tfuer. 

As regards joining belfs, hooks,i-m all cable ^toothed 
plates, and numerous: other plains have been introduced. 
Many uliers, however, still prefer the ordinary plan of 
lacing. We 'have^ found the double X bolt-fasteners, 
known as Green’s patent, to be both expeditious and 
economical, especially for narrow belts, where the tensile 
strain is not great. 

We have recently seen some endless driving bands 
formed of crueib^ si-el wire woven into a network or 
chain. „ The wiivs are arranged to rnii parallel to the 
width of^ the belt, and possess great flexibility and 
driving power, and will run with case round the 
smallest pulh‘y. As regai;ds their economy in wear, we 
cannot speak from experience. • These bands are also 
constructed with a leather or elastic lining, jto prevent 
stretching, whi(.^ plan we should think would be an 
advantage, at any rat<^ fiJr high-spi‘eded machinery, as 
the friction engendered by the steel wire on tho^ cast- 
iron palle)% would be, conjyderable, and the consequent 
breakage of the wire from expansion r^yd contraction, 
‘must be looked for. Tlje use of metals* for driving 
bands is not* ho\«>ver, new, as in 18oG the Earl of 
C’aithness ‘ took out a patent Ir^r constructing driving 
bands out of sheet metab such as iron, steel, brass, or 

• m ^ 

composition metjils. 

The following ‘ hiii^s,’ taken from the"' * Textile 
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Manufacture!*,’ may bo^ound useful to users* of machine 
bands : 

Bolts'stukd with tann^;r»s dubbin on the Sesh side 
will beconi* as smootji all over as the hifin side, and 
will outlast six be^ts whieh^are run bn the hair side 
exclusively. 

‘ Tlirec times the adhesiveness is gained bv softness 
and pliableness of .beating leathers over lliosp which are 
dry. 

‘Long belts are preferred to short, ones, but care' 
must be taken that the*lcngth bo not great. 

‘ Horizontal, inclined, and long belts* give a much 
better ettget than vertical and short (mec, and there that 
have the driving side below tlian otherwb,o. 

‘ Belts of coarse loose leather will do better service 
in dry, warm ])laces. For wet 09 m^jist situations the 
finest and firmest leather should be usJd. 

‘ Experience says, the hair side of a l^elj pijt next 
to tl^e pulley will drive 31- per cent, more than the flesh 
side. 

‘ The strongest pai^ of belt leather is near the flesh 
side, about ono-tliird the way thryiigh from that side.- 

‘ Leather belts must be well proteck^d against water, 
and even moisture. 

‘ Short belts require to be tighter than long ones. A 
long belt, working horizontMlly, increases the tension 
'by its own weight, acting in tlio curYC lormed bdtwecn 
the puller's. 

‘ Sufficient care fs fy.dd»l?n takeiMo let belts run free- 
and easy, and it ^as been one of the greatest errors, 
more or less prevj^ent jn all lar'ge factories, to run the 
belts so^tonse as greatly to injure them and rapidly 
increase the wear of the bearings. 
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‘Ill many instances the tearing out of «. lace-holes i« 
often unjustly attributed to poor belting, Avhen in 
reality the fault lies in having a belt too short, and 
trying to force it together by lacing ; and the more the 
leather, has been ' stretched wjiile bei»g manufactured, 
the more liable'it is to be of. 

‘To obtain the grc^dest amount of power from belts 
the pi^llcys should be covered with., leather : this will 
allows the belts to bp run vei7 slack, and give 25 per 
' cent, mo/e durability. 

‘'A careful attendant will make a belt last live years 
which, if negl^ctect, might not last one. 

‘ It has been found in practice that belts must not 
run faster than dO feet pel' secoml, nor have a tension 
of above JlOO pounds per square inch of section. 

‘The friction of i\ belt is donbh? on wood wluit it is 
on cast iron. 

‘Long belts are less name lo slip than short ones. 

‘The sofler woods an* better for pulh*ys than tlie 
narder kind.s, but pear wood and nut tree* are best for 
cord-wheels. Grease must not bt* [)ut on wooden whe(dvS 
on which Indts run. 

‘ Tightness by^tigliteniiig pulb'ys must be applied to 
the slack side ot^ belts. 

‘The belts sluuild be cut from tbecentn* of the skin. 

‘Thickness of belt dot‘s not always give strength. 

‘ hf too great a distance is att(*nipted^the weight of, 
the beltwill produce a very heavy “ sag,'’ drawing siV hard 
’ on the shaft as to j^rcKluco great friction in the bear- 
ings, while.at the sv»n* time ilie Udt^ will have an un- 
steady flappirfg motion, wliich will destroy both the 
belt and the inachinbry.* 

‘The conue<it€‘d shafts should never, if it*‘can bo 
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Jtvaided, bo pL^ced one directly over the otliei* As in such 
case the Ijelt must be kftpt very tight to do the work. 

‘ It is aiso desirable to iocai^e thtl shafting and ma- 
chinery so ^at belts shall \mi oft* from each other in 
opposite direction^ as this^arraiigemelft will relieve the 
bearings fror^ »the friction tlat would nesult were the 
belts all to pifll one way on tfie shaft. 

‘If ^lossible, the«nachiiiery should he s(/ planned 
that the direction of tliehelt motion shall be from the 
top of the driving to the top of the driven pull^. 

In punching a belt«for lacing, it is db^irable t(^use 
an oval punch, the longer diameter oT the puncli being 
parallel with the belt, so as to cut out as litllo of the 
eftectivo section of the leatheikas possible*. 

‘ Begin to lace in the centre of the I clt, and take 
much care to k<‘ep the ends exactlv in Hue, and to lace 
both sides with cijual tightness. Tho'lacing shoulihnot 
be crossed on the side of the belt tliat runs next*to the 
pulley. 

‘ Xever add to the work of tin* 1 m*U so much as to 
overload it.^ 

‘ A good liMither belt, I inch wide, has sufficient 
strength io lift 1,000 pounds. 

‘ Waterjmmf dhtr , — Fine sJireds cA ftuliarubber dis- 
solved in a Ava-rin copal varnish make a waterproof 
cement for wood and leather. 

‘ To Preserve Leather from — Pyroligneoui^acid 

may Im; used w*th success iu^proserviiiig leatlier from 
the attacks of mould, and js-J^ervi(!0able in recovering 
it after ii lias roc^gved that species ^ dangey, by pass- 
ing it over the surface of the liidy or skin, Ikst taking 
due car^ to romovifyic mouldy spots by the application 
of a dry«eloth. 
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^ Castor ^Oil as a Dressing for Leather^, — Castor oil, 
besides being an excellent dressing for leathey, renders 
it vermin-proof. Vt sbojild be mixed — -'say^ half and 
half— with, tallow or oth^r'oil. Neither rj^ts, roaches, 
nor other vermin Vill attack ^leather go prepared. 

‘ How Olue,fthoul(i he majle to Fastm Lceiher to Iron, in 
order to cover Iron Pulleys . — I part of crushed nut-galls 
is dj^estld 6 hours with 8 parts c.f distilled water and 
strained. ' Glue is macerated <in its own weight of water 
for 24 ^hoiirs and then dissolved. The warm infusion 
of galls is spread upon the kvither, the glue solution 
upon the roughened surface of the warm metal; the 
moist leather is pressed upon it and then dried. Use 
wider belts or larger pulleys if the adhesion is insuffi- 
cient. It is a good plan to wash the worn surface of 
rubber I'elts with soap and uater.’ 
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WOOD. 

In a work of this clasS it may not l)e oflt of place to 
notice briefly the woods which nre chiefly eonveitod by 
machinery into articles of daily commerce. 

Resinous woods are thosS most (diiefly used, fore- 
most amonp;st which is tln^ red or yellow pine, the best 
of which conu‘s from the north oJ> I^iiiope, notably the 
Riga, Norway, iftid Momel. These treci; are fellq^l With- 
out discrimination, the best timber being selected for 
deals^ and the remainder being converfed ^do battens, 
miidiig timber, poles, tire 'ijood, When used as 

beams, hr# should be i^awn longitiidiiiallj to test its 
soundness^ Pgr inouldiiigs and joiners’ " Oi’k seasoned 
American wliite or yellow pine is we^l^ adapted. The 
best is shipped from Quebt^c. 'A large (piaiitity of pyie 
of good qnalfty, generally known as Board and VVaney 
pine* is shipped from various^tAimyliaii port%. 

► Norway sjjj^’uce or white fle d is cliiefly iis<ail for 
poles,* laddei's, and masts. Russian red wood is used* 
for lath wood in large quaHtifios. Ij^inadtan pitch pine 
is chiefly used fof declv pfanking or conveying water. 
The whole of the varieties of tjie •Finns faifiily are easily 
conver^Hl by maclnwery^ Wht^i sawn, saws with large 
teeth a coarse pitch l^honh^ be usedf Idie ordinary 
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gullet or briar tooth is as suitabjo jts any. In sawing 
pitch pine a coarse^ set must be put on t|ie sa'w, owing 
to the increased friction* j>visin^r from the 'tenacious, 
clinging properties of the resin. .The saw blade should 
also be well greased. 

Amongst tfie other refinoiia wood» hf,nst be men- 
tioned c^da'r. , This wood is largely used for cabinet 
wor]^. It is grown chiefly in Spain and the ^Levant. 
Red cedar is a native of the West Indian islands and 
North Americ^. This wood is even in the grain and 
readily worked, but is apt to spfit unless care is taken ; 
for cutting cOvlar, a saw with a moderately fine gauge, 
pitch, and space should be used. We have found a 
peg-toothed saw very suitable. 

Amongst the hard woods generally used oak, ma- 
hogany, aslj, elnv teak, and walnut tak(‘ first rank. 
Oak*ii^ the most durable of all woods,' and one of the 
hardest. English-grown oak is unefjualled for strength 
and durability, but fine oak timber is also imported 
from Russia and A*inerica., 

Mahogany is much used for all kinds of furnitun? 
work. It is obtained chiefly from Domingo, dlondnras, 
and Cuba. English ash is chiefly used in wheelwrights’ 
and agricultural implement works. It is long in the 
grain and very tough and elastic. English elm is hard 
and tough/ and difficult , to work. It stands wxul in 
watei, and is u.sed considerably in ship-lmilding, punipi 
•work, '.vlieelwrigfits’ work* Ac. In sawing these Woods 
the gullet or /nill-sp* v teeth, arranged with a diminished 
space and •nearly upright pitch, shonlti be used. Beech 
should not*h(/iised for'wiwk exposed to air and moisture, 
as it will rapidly debA-iorate. Ft r tropical (fiimates 
fustic is founds to stam^ well.' Various pro*(?e.sse8 of 
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seasoniii;;; woftd by des^iccation and other means have 
been nothing is found eqial to tlie exposure 

of the \vo^<i to tile citinosj^h^ro. Wliou use^ for in- 
teilor v^orkfifc should -b*^ kept for at . least tlifoe years. 
Wood sutler’s docofupositi n ..‘rom excessive heat, or if 
exposed to a humid atno3ph<|rc ; but if t5uried, and the 
air entirely excluded, its decomposition js*slow. Dry 
air doesniot seem to affect it. 

The proper time and manner (A felling trees, when 
they are at their prime for conversion, is a* special 
business, and requires a special knowledge, that* can 
only be gained by experience. In mosft timber-pro- 
ducing countries trees of all sizes are at present felled 
indiscriminately, but this pernicious system will doubt- 
less in the course of years have its effect. Wo need 
hardly say that any tree showii^ nicipient signs of 
decay should be* immediately felled, as^ its cora^jiercial 
value will then rapidly decrease. The proper time for 
felling trees depends in a great measure on their genus ; 
wiirter or summer is generally to* be preferred, the 
timber being then less lull of sap. Eesinoiis trees are 
best folled*in summer, other trees ^in win ter, except oak 
or those from which the bark has tG*^be strqjjjed, in 
which case early spring is fouqd the most suitable, 41 s 
the birk will then peel most easily. The bole of the 
tree should always be severed as, near tho*groand as 
^)Ossible. Altkough several attempts, with more (ft less 
success, have been made t<i*fell trees by mechtinical* 
means, the difficulties of atuation, •transport, and eco- 
nomical iiianipulalion have liitherfx) pneveitted much 
progress being made in thus s ipVrseding flie*art of the 
w’oodmRn. From e^eperimenis •It lias been found that 
the woo? immediately surroi^iding thS heart of the 
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tree is tlie weakest, and this wQakness increases with 
the age of the tre(^ The woody fibres vext fhe bark 
are also -weaker than the #*est, the strength of the 
timber grifdually ^increasing fronr the heart^ outwards. 
Moistute in timber weakens 'it considerably, and its 
crushing resistance is foum^ to be little more than one- 
half of wlvat it is wherf dry. ^ 

L^xperience, of course, can be the 'only sure ghide as 
to the condition, strength, or value of timber; ill- 
conditioned timber can, however, generally be distin- 
guished by a looseness and wooAiness of the fibre and 
a clogging of'^the teeth of the saw ; when out it also 
presents a white, floury appearance. The timber used 
for joinery purposes and conversion into mouldings, &c., 
should be as sound and dry as possible. If it is neces- 
sary to season the '^inf’ier artificially, what is known as 
the hot-air method is generally considered the best. 
This consist^in confining the timber in a chamber, and 
subjecting it to a current of hot air forced through the 
chamber by means of a fan; It is necessary to vary tiie 
temperature of thf* hot air according to the‘ kind and 
size of timber. The following have been found the 
most suitable dryVug heats : 

Oilf. t’lc l< mperatui«- siiouM ii'i» ‘‘xc* i d i’.ilir. 

Leaf wf^ods .... au'’ to 100*^ ,, 

Tine <.«>(-dj«, ill d*‘a’-J and [-wanls . 

,, in tliin boaVd.s 18'H t<> „ 

' do. . ‘JSC" to 300 ® ,, 


Jlal».»i,any 



CHAPTER XXXVIIi. 

CIIICULAK AND STEAHtHT SAWS. 

In connection witK tl.e productive efficiency of Wood- 
working machinery the proper selection, sharpening, 
and manipulation of the cutting tools emplojod is a 
point of the utmost possible importai.:e, as, no matter 
how well designed or constructed a juachine may he, 
unless the tools emoloyed are jxactly suitable to the 
work to be p<?rformed, are made o^ nuiteriaj of the 
highest quality, and are tempered iind sharpened to 
the most correct cutting angle, the production of the 
m*4?liine is in every way. urisat]!fefactory, the work 
turned oet being less in amount and the quality in- 
ferior, wjiilst the force expended tu produce it is 
greater. 

As being the most genefal and important cutting 
instrument employed in the conversion of wood, we will 
first consider the saw. Sinvs may be dividod into three 
classes — viz. reciprocating or mill saws, (2)«rotary 
or cfrculai^ saws, (3) endless hand or ribbor.' saw^.^ 
Another form of s'Mv is kwown as *Jie cyKiider saw, but^ 
this form is rarel^^ used. On the shape of tooth, 

and ‘ set ’ of the saw best adapted to perform ceHain 
work * great diversity of opinion exists, English, Conti- 
nental, ^nd American fractiq^ on thes6 points differing 
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considerably. No fixed rule can,^)-iowever/be laid down, 
as all these points ^niist depend on the ntjiure,'’ quality, 
and condition of the materia^ operated on. Aii immense 
variety exists in ^he shape of the teeth employed ; the 
best khown are the peg, gullet, fleaAh, mill saw, hand 
saw, hog mane, dog, parn^t bill, bird^aiA, hook, and 
Americai\ tootli. 'The first four ^mentioned are those 
chiehy emj^iJfoyed in this country. In 'cutting or*ripping 
with a circular saw #oft woods, such as pine, with the 
gi*ain of* the wood, the teeth of the saw should be set 
farther apart,* and the pitch or rake and set of the teeth 
should be con^derably coarser than for hard wood. If 
a line is drawm through the points of tlie teeth the 
angle formed by tlie face of the tooth with this lino 
should be, for cutting soft woods, about to 70^, and 
for cutting hard woods about 80'' to 8o". The angle 
form'ed*- by the Vace and top of the looth should be 
about ,45° , to oO'^ for soft wood, and 65'" to 70° for hard. 
It will thus be seen that the angle of the tooth f/uind 
best for cutting soft wood h much more acute than for 
hard ; these figures are, however, given apptoximately, 
and should be modified according to ciroumstances. 

The action the saw when operating with the 
fibre of tht.‘ wood may be regarded as chii;fiy a splitting 
one, the re^olYing saw-teeth acting like a series of/?mall 
wedges' driven into -and * separating the longitudinal 
fibrejf of the wuo^. 

Soifie saw teeth of Aiqerican origin are' very extra- 
ordinary in form, rfnd the ;hlvji,ntfiges gained by thus 
shaping thtiin are ifot always obvious. 

Mr. Peter Oool^, a*n *Amei’q*an, took out a, patent 
some twelve years since for improvements in Bhape 
of saw' teeth, ^iccording to this invention the teeth 
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are made a rectan^nilar, or nearly a 'rectangular, 
iOi.’ni, tike tops of the said teeth be^^ng bevelled to form 
a euttin^ edge throughout *tlieir entire length. The 
cutting ed*ge of each* tooth coincid(;d witfi -the line of 
motion of the sifw, and such cutting edge may be of 
equal length Wits bare. T^e bevel of* each tooth was 
on the opposite side to the next one,* am] the teeth may 
be set ill the ordinary way, the set or defl^Aion being 
on the opposite side to the bewel of the tooth. If 
desired the ordinary clearing tooth may be Employed* 
at suitable intervals aiong the saw.^ The princip?.! ad- 
vantages claimed to be derived from this construction 
of saws are smoothness left on the cut suriaces of 
the wood, the freedom witlt whicli tle-'y pass through 
the material operated upon, and the capability of 
cutting equally well in both dirt^jtions. 

We may h5re remark it is of th(^ greatest^ import- 
ance that the steel used for the manufacture of saws 
aiK^ cutters should be of the highest j^ossible quality ; 
ally advantage that may be, obtained in low^er first cost 
in purchc^sing a secoAd quality is immediately thrown 
away in* ext^’a loss of time in sharpening, inferior 
work, t’tc. 

In sawing resinous wooJs^ sucli as pitch pine,,the 
teoUi of the saw should have a considerably coarser 
‘ set ’ and space than for lull’d waods. Fol.sappy woods 
saws with loBger and sharper teeth should be u«ed. 

feefore^harpening a circular saw it should «be made 
perfectly round; this cai# best be«^lonc*by placing thp 
saw on the spincfle and running down the points of the 
teeth by means^of a hard ^nt?ce of stdne*. It is im- 
portatit that the cutting angles and tlu* tops and faces 
of the feeth should be Bevellud exactly Alike ; the gullets. 
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too, should be of even depth, ns the saw will work more 
freely and with lesp power than if the teeth are allowed 
to get short and stumpy. The use of a revolving emery 
disc for pa'w-sharpening and gqlleting haa the addi- 
tional^ advantage of doing away witjv the old-fashioned 
plan of punchilig out the t^eth, \yhich goh(?rally springs 
the saw plate and. necessitates the re-hammering of the 
saw(. In' the manufacture of saws tke steel plates used 
are hiuiimered true,, which is an operation recpiiriiig 
‘ a considerable amount of skill to perform properly, 
and* afterwards g^round on a 4ace plate. We have 
recently se«n ^vorking some circular saws of American 
manufacture, which, we were informed, instead of being 
hammered were pressed frue by machines of immenst! 
power. Tlitw certainly performed tlu*ir work very cleanly 
and with a minimum ^mount of friction. If the process 
of hurninering ciui be dispensed with ih favour of some 
luechanical^method, the result should be in every way 
advaiitageoiij, as the saw would run truer and with less 
power, the indentavions necessarily left in the saw f.om 
hand hammering, notwithstandir.g the griiidkig process, 
being entirely done away with. In Wi)rkiug circular 
saws successfully^ in {iddition to the shape of teeth most 
suitable to the wf.>rk, thb gauge of the stiw, and the 
speed, much depends on the efficient ‘ packing ’ (^‘ the 
saw bl^de^ • In America^ ^\hero timber is plentiful, 
little ;s done in this direction; the conscYtueiice is saws* 
.of miKjh stouter ^auge lu»/e to be used, resulting in a 
consequent lo.^sof jj^t'^ver aiid, material. Considering the 
great progress in \vood-worlcing madiiinery, we cannot 
conceive lu>Wi American engineers still adhere to this 
veiy wasteful consefvatium. The plan for guiding the 
saw generally ipursned in llifs country is h screw 
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fTi,; reUi,,, 

wo.l in Ms n],res any lubricants .employed -to the 

finb-ri>lare;‘a„d belo-.v t^saw fable oJ eiljier side 
and runnin.^. immediately parallel an^ close*te the saw; 
the wood IS rebafed to ifllow hemp, gasket, ow other 
fibrous mate»-iahchar8v>d wiy, lubricatiiTg matter to be 
packed in tightly tojubricate ti e saw, ;^.b•ich is espe- 
cia y iRcessapr ithen sawing hard br resi;,Sus vfood. 
This method of packing waa introdi*cd by Holland about 
yeai 1842, and has been in use ever since! Some 
makers constract especial packing ,boxe^ for hoTding 

le oily material, so arranged that it can 4io replenished 
with oil as required. To ensure steadiness in running 
mid prevent ‘buckling,* saws*should be packed at bott 

Aril ^ ‘ packing ’ pursued by M. 

Aibey, of Pans, and .diown byhi*u in the International 
Exhibition of 1^78, is deserving of notice. 0^ either 
side of the saw, and let into the top of^tlie bench, 
wmo fitted transversely four set screws, ’which* were 
adjustable to the gauge of the saw. * Into the centre of 
each of thise screws ifas fitted a piece of hard wood, 
w 1 C wlwn tl«; screws arc tigliteyed up, presses against 
and guides the blade. Exhibited .al»o in the :^ench 
section by Messrs. G4rard, of T’aris, i^a's Ganne’s patent 
■saw guard and guide. This consirts of a narrow cast- 
iron box nwde in the form of a hidf-circle, lusicUi which 
(lie periphery .of the saw runs. This box or elmmber 
IS suspende..l over the saw fl-oiii an arm littedMo omf 
side of the saw-beii«h framing, an«*is made adjustable, 
to saws of varying diameters. Set screws fitted through 
the box on either^side of the saW act as ;fui(les. 

liiVcking cireiilar saws •care* should be taken, 
when oDed gasket is n*sed, tkat it is fitted evenly on 
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either side of the front half of the sav^, so that the 
friction and consequent expansion and^ confraction of 
the saw blade may be perfectly imiforin. These small 
points ar^j, howey(>r, often neglected, the resifit being that 
the ^aw, especially if of thfii gauged runs out of truth 
without any apparent caup?e. Other reast ns there are, 
however^ which cause saws to run out of truth, amongst 
which mar be named saws of too thin a gauge for the 
work, irrtf^gular setting or improper form of tooth em- 
ployed,' insufficiency of clearance for sawdust, too rapid 
a feed, or a saw blade of too niild a temper. 

For all Ordinary purposes of sawing the gauges 
given herewith will be found suitable ; but for special 
purposes, or special kinds of wood, they can be in- 
creased or decreased, as experience^ directs. 
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The streiight or miU-saw^ webs used in 'machines 
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with {} recipi^ooo.tiiig lyotion can bo worked of a much 
thiinior gauge than circular saws. For ordinary use 
the following are suitable * 

• • 

Saws up to ^ feet 6 inyhos lonp, 16 gauge. 

Saws 4^fcct l?>ng, 16 gauge full. 

SawspfroA 4 feet tc» 6 fee|C inches long, 11 gauge. 

Saws 6 feet long, 14 gauge full. • 

Saws from effect 6 inches to 7 feet long, \‘d gaWIge. 

As regards*sharpening and setting the teeth of saws, 
much has been writteif; the usual practice is •to bend 
by means of a saw-set the teeth alternately to the right 
and left. Many practical men prefer to «et their saws 
by means of a blow given by a hammer or punch, as 
the teeth stand to their worlc better ar.d require less 
frequent setthig, it being found, esp-'cially with tliiii- 
gauge saws, that the teeth have constant tendency to 
assume their original position. In setting says'of a 
stoufc gauge and hard temper with a hainiin^’^ consider- 
able ,caro must be exercised to prevent iracture ; the 
boSl^plan we are acquainted with for setting circular 
saws is to 'At the saw Iforizoii tally on a stud fitted in a 
wooden frame having a transvers(^ nioveinent. A small 
steel anvil with a bevelled face shouhUbe placed at one 
end of the frame, and the saw; traversed hackwards.or 
forwitfds for the teetli to overhix) the anvil centre the dis- 
tance of the set required. For setting u series (if smart 
•light blows inp preference to one heavy one shofild be 
given, and *1110 te<44i set a Ifttle coarser than i?s abso-* 
lately required in \vor|v. ^ome usWs fiie and set the 
tcctli of their circular saws in triplets, the ‘first tooth 
with a bevel to the^’ight— the »cc6nd remains* straight — 
and th*e ^hird with* a bevel to^the left. We are at a 
loss to see, however, any especial adtaniage in this 
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plan. Occasionally also saws are used 'with the body 
of the blade deflected from the plane of i'lS cutting 
edge. This plan il said uo^ive greater stiltiless and in- 
creased cutting power to the saw. In AiUerica many 
saws^are constructed with false tc&th, dove-tailed into 
the periphery! The advtyitages clainwiclofor this plan 
is that the' t(^etli, are easily renewable when worn out, 
and thal the centre of tlie saw may be madvj with a 
steel of inftirior quality. A somewhat novel method of 
insertiftg false saw teeth lias recently been patented by 
Mr.' Frederick Schley, of New 'York. It consists of a 
circular holder made in two parts, hinged togelher, 
grooved around its edge, and fitted to a circular notch 
at the root of the saw tooth. The saw plate is made 
with a V-shaped e<lge, which fits the periphery of the 
holder. A space js l^Tt between the hinged portions of 
tlie*iiqlder to receive thq tooth, and tl/en' is a notch for 
receiving^ the small projection at the root of the tooth. 
This prevei'ts the tooth from drawing out, amj it is 
prevented from lateral mo' ion by a groove in the ^ooth 
and a V-shaped edge on the holder and* saw plate. 
Much ingenuity lias been expended in this direction, 
hut we are at v, loss to see any particular advantage 
w.hen we consider that with false teeth it is necessary 
to use saws of shmter gauge, the friction in using is 
greater, consequently the power required to drive is 
moror They are seldom, if ever, used in this country? 
'their vse Ixiing almost entirely co> '^^ued to the tjnited 
States. To'lesso’l the labour iu gulleting, circular 
saws are .‘jomotimcs made with a series of round holes 
punched tlirOugh the" plate from, the root of the gulK t 
towards the centre of* the saw; this certainly* lessens 
considerably tHe labour irequircd in shaiqiening, espe- 
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cially clone "Oy slionid prevent expansion, 

but we sliOuld '.magine tlie frirdion must be somewhat 
increased * \v\iere man} tl^n^boarcfs of valuable woods 
have to be sjfwif on a saw bench, ‘ groiii;d-off ’ saws — that 
is, those wliijh af(> bevelltjd on the one side, i.e. the 
gauge rediic<>(f ftrom ne;i.r thc^ centre to tTie periphery — 
should be used. 

Cros§-cutting stiws, or those used for sc^/ering^the 
fibres of th(i Vood transv^ersely, differ essetitially in 
the forms of the teetlf employed and tlie m(?thod of 
sharpening. The fibre 5f the wood, wjien s*evercd across 
the grain, is comparatively unyielding, and the teeth 
of the saw meet with much more resistance, and it is 
found necessary to make the? teeth considerably more 
upright, and more acute or laneet-sh'^ped in their form, 
tlian for cutting with the grain, ^hg faces of the teeth 
should be sharpened to a keen, edge, a/id for hard wood 
filed well back, so that in work they may a ^direct 
cuttiyg action, similar to a number of kfiivos. Care 
sh(??lid also be taken that t^ie teeth* are made of suffi- 
cient depth to afford afrc*e clearance for the sawdust. 

Most cf tho points to be borne in mind as regards 
the shape, pitch, and set of the tocth#of circular saws 
apply equally well to straight ?y,ws with a reciprocating 
moticvi. In these machines, owin^ to the slower rate 
of fe*ed and the number of IdadeSpemployeclj sa^vs gf 
•considerably thinner gauge cau*be used. A consichrable 
saving in pcKver a^^^ matcuda? is thus cfiected. •Recip- 
rocating saws wdth double cut-^iliat is, one-lialf of 
the saw teeth werS included in one*directioA from the 
centre of the blade, and flie otln»r half iif tfic opposite 
directiAi — were jimuited some*years since by a, Mr. X 
Davis. 
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MUl-weS Mwt are in Ameinioa occasioaallv m. i 
•«>«««», and a patoafc for improWenta in Ik 
t^^jreoana, befe taten ^^0 'h hI v r.* 

jr Pi*Wa«V. Wf i«prorU«U Tn^uf S 

edTO"X *f longitadinallj, o(l(je'"o 

th« fwnemUon being tlje cuMi„a edl !ntl 
«air and tijfc jmclj se^lion a plain blank. * Uv this ar- 

ranj?„‘meni it h elkimed that a nnlelu narrower *cuttiij(r 
section is wscil thus^vhiein^^ Uie fri(‘tioo and tho iimt 
cost ot blade, and also allowin^^ U to be more ensilv 
tempWd or removed from the witliont distnrbin^r 
the strain of the blank sections, which can be used with 
other sets of (‘iittiiig* sections. 

All inill-web or strai<xht saws, oitlicr hmi^ or short, 
should be <;runnd tbinihu* towards the hack of the saw. 
Care should be taken that they are made }>erfeetly true, 
and fiaj and nnife)nu in toc>tliing and te’mper. 

Saws formed in this foshion re(|uire less set, and 
work with cA^nsiderably less frietioii; tlieir tirst cost, 
however, is slij^dillv increased. In fixing straight j^ws 
in their swinj' frame, can* should l)e taken, that they 
are arranp*d with the amount of ‘ lead ',or ‘ r^^ke ’ best 
suited to the wood they are intended to cut. In sawini^ 
so^ne classes of ^reen tinilM*r, in whicli the iibros are 
lon^^, considerable trouble is .sometiin(\s experienced in 
pn'ventjng.Miern clipgin^ to aTid so increasing' the 
frictictf" of the saw that it becomes more^or less <‘hokedi) 
and the blade ‘ lAickled.’ *■ To uhviatv. this Mr. Thomas 
Greenwood, of Let^^)-}, pro})o.'^*d soiyo yrars back so to 
construct the fraiiK* that the saw blades were drawn 
back after'tlfc coinphdi<vi (»f each stroke, so that the 
saw teeth might clear ihe wood during ihe ascent of the 
swing frame. This eoubl^possiMy lx* put into operation 
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with large framios ru.. speed, •bht would 

be practioally impossible with the light high-speed 
frames of tJie jfc*esent day, Tf«ji larje number of saws 
are employed we can reipommend the use of % series of 
circular revolving •gpening^ wedges alfli saw teejli of 
extra- coarse yftqp and gitch. 

We give as a Frontispiece S, plate of various forms of 
saw teeth taken frcyn Worssam on ^ MVchanicfl Saws.' 
A considerable# number ctf these ^eeth, however, are 
rarely used, and we are at a loss to see the advantage j 
of some of the more complex forms sometknes used on 
the Continent and in America, as the*exti;a expense of 
keeping them in a satisfactory working co aition would 
more than counterbalance afiy suppfK5('ci advantage. 
The fjices, backs, or tops of the tee'h sliown in the 
plate are expressed in ruigular degrees, measured from 
aline running through the* points of |he teeth. iThe 
angle of the pomt itself is found by subtractiifg the 
angle of the back from that of llio faec oj^fie footh, 
or less from the greater of the first two numbers. 
The diagra^jis are not dyawu to any definiLe scale, being 
given to ijlustrate the fjrms of leeih and not the 
<liinensions or gauges, which it fs necessary to vary 
considerably ac'^ording to the* nature 8r condition of 
the wu('>d beinj^ operated upon. * 
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•’IIAFI’ER XX XIX. 

nAN» OR RIBBON SAWS.’ 

Mut^H advance has been niatle of late years in the 
manufacture., of band or ribbon saws, but chiefly by 
Fi*ance, which supplies almost entirely the rest of the 
world. This arises not^so much from the quality of 
the steel employed — which, we believe, comes from Eng- 
land — but from the peculiar metliod employed in tem- 
periu^jT, wliich , ensures to’ the blade*- a, considerable 
amount of hardness combined witli toughness. The 
mannfactuiv of these saws on an extensivt? scale lias 
never been carried out in this country, the met'l^\d of 
tempering successfully being kept more or less a secret. 
Band-saw blades, when in operation, are subjected to 
several strains, ^he chief i)f which is a bending or tor- 
sional strain, wliich in Iroavy work with sharp cuiwes is 
very severe. In addition to this the expsinsion and con- 
traction in the blade engonder<.‘d by the friction whilst 
in u^, seems in a great measure to alter the fibre or 
granular structure of the sbicl, ;ind tlui consequent 
breakages h..ve ui^litated piuch jigainst tlie universal 
adoption of this* method ot sawing.*. The writer some 
time since <triod a plan of making half of the saw 
blade caiTying the tevth of a' hard temper, whilst the 
Viack of theb\‘f\de was le^ft soft. Tliis, howo\cr, owing 
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CU'l>TEBS. 

The action of revolving jcutters, such as those usej^ in 
planing and moulding machines, is similar to that of 
circular saws. For planing soft wood lln/beve^ of the 
cutting edge of the iron shouy be mor<. extended than 
when used for hard wood. About 25'' to the hice of 
the iron is the best angle, whilst for hard woods about 
‘10® is found most suitable. They a#e occasionally worked 
at a more acute angle tlian this, but fn workiri^ very 
hal'd woods the edges of the cutters are mo. t> liable to 
break? Cross-cutting cutters, sucli as t hose used in tenon- 
ing machines, should be ai ranged to work diagonally 
to the grain of the wood. An angle of about 15 degrees to 
the axis is usuall}' found suitable far sott w^ood, as it is 
found the nearer they act witli.the lilv'^.of the wood the 
smoother the work. Cutters fc/i’ tenoning machines a\*e 
madtk by soim‘ mgineers slightly helical. We^think, how- 
^ever, that anything gained in this Inanner is*more thau 
lost in tln> extra trouble inwlved in keeping tffem in 
order, as well as ilfSreased fir^t cost. For^ planing wide 
surfaces M. Arbey^of PtirisMias for sfime years used the 
spiral or twisted irons patont<?d by Mareschal apd Godeau. 
The advantage claiimed k)r tliis Jorm.of knife is, that the 
pitch of 44ie knives is sc^ arranged that the end of one 
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comes opposite to the beginning of tliQ oilier, thus 
giving ii continuous cut during tCie whole revolution of 
the cutter block. A? pari only of the whole, length of 
the knives strikes the wood ‘at tlie same tiipe, the jar 
or vibration isthn^ consideraHy lessened; and, as they 
always present* the same cutting angle • to the wood, 
cross-grained and knotty 'stuff can be worked. The 
knivfs lifted are ^Very light, beil^g,from one, to two 
millimetres in thickness. They are, however, more 
difficult ,to manage than straight knives, and require 
considerable skill and care in keeping them in order; 
hence their very partial adoption. Where this form of 
knife is adopted an arrangement is generally made to 
sharpen them in their places on the cutter blocks by 
means of a revolving emery wheel. Whatever form of 
knife is used, the steel employed in if-s manufacture 
shouhl be of the hi[jhel>t obtainable quality. We prefer 
cutters made of wrought iron faced with steel to those 
of solid as being easier to work and less liable to 
fracture. In establishments wliere a large variet^^if 
wo<)ds are worked 4t is advusabb^ to have several seta 
of knives ground to the various bevels found best suited 
to the work. Mucvi has been written as regards 
tempering cutting (ools. tNo absolute rules, we think, 
('ad be laid down, at any'iiite as regards wood-cutting 
too^s ; it simply resc/ives itself into a matter of })racttcal 
experience. For working soft woods with knives of an 
jicute bevel a ligCit strawy-colour temper js suitable, 
whilst for harder w(ipds, where the Sevel of the knives 

t * I 

‘used is made more obtuse, the hAnpeii should ])e made 
slightly hai;/lef in proportion. Cutt("r8 should always 
hii ground with a dosible^, l>evel, leavyig at tin* autting 
edge, say, about ^ iu. to be whotU d with \i stone t«> a keen 
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edge by hand.' Several varieties of stone a#*(^ suited to 
this purpose, but we h*ve found nothing better than a 
good Turkey ^stone. All pla^ne ir^ns above 12 inches 
long should b^e gi'ound in* a sliding frame, htled with 
adjustments for apy desirfyi! bevel, as'ib is impossible to 
keep long iron^s, such as those used in j-^nel-planing or 
trying-up mlichines, ti*ue with hand grinding against 
an ordinary fixed rtst. In panel-piahing# or q^her 
machines for^ working ^vood of considertfble width, 
instead of using two long planing* irons extending the 
whole width of the macjiine, eight short opes shouid be 
arranged in succession, two on each (5f the four sides of 
the cutter blocks ; this plan, although causing a little 
more trouble in adjusting tbe irons, docs away with 
the difficulties often experienced in keeping irons of 
very great width in a satisfactory condition. 

In constructing moulding ircffis, a jdan ofte.Jcpur- 
sued, but still essentially wrofig, is to* cut the sTiape of 
the* required moulding on the edge of tbe%teel and 
gr^iu> a bevel backwards Irom it. , The result is the 
exa^ pnTile of the moylding is eonsHantly liable to be 
altered when sharpening. In place of ibis the form of 
moulding* should bo always mil>ed into the face of 
the cutter itself, as it thus, if «Jiftrpened to the 
proper bevel, retains its true fofin. A few years sinc^ a 
somewhat novel system of steel cutters for working 
wood was patented by M. GuiViet*rerrcau, of luxerrfe, 
France. He claimed that In cuttci 3 , when the*wfil(^ 
of the moulding^vas once lK>rined it was unalterable, 
no matter how t^(fly4he Vharponing niighf be done;* 
that they made a cleaner cut ayid were Jeas liable to 
accident. We bawe se<?ii this form* of cutter in opera- 
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tion in valious machines and giving very satisfactory 
results. They are made from one piece of steel, in 
form something lik^ a deep saucer; the. periphery is 
shaped to the profile of the desired moulding, and has 
several openings,'* which are., sharpened towards the 
centre and presf^nt as many cutting edges, to the wood. 
These cutters can be modified in shape fdr tenoning 
and other ‘^'>peratians ; they possess several features of 
value, but, unless manufactured on a considerable scale 
and with special appliances, their first cost would Ixr 
considerably in Excess of the ordinary form. 

Fixed cutters fol* planing machines should be fitted 
with back irons, and the cutting edge arranged at a 
slightly oblique angle to tbe wood, as the shock on the 
knife is thus received gradually. This also applies to 
veneer-slicing machines when a sliding cutter-block is 
used, except in sofne ^ kinds of wood where it is found 
necessary to cut the fibres of the wood the whole width 
of the boartl or block at the same moment. 

In establishments where a considerable number of 
moulding irons are in use, some half-dozen stones of 
fine grit should be ir.ounted and turned up to fit the 
rounds and hollows of the most usual form of irons, 
which can thus be' sharpened without the aid of hand 
filing, which is an expensive method and deteriorates 
considerably the cutting power of the steel, from -the 
constant softening and "hardening processes through 
\"hich it has to go!: , ^ 

In surfacing and quarirrg-up ma(^hines, whpre cylin- 
^ical gouges are used, especial car? must be taken 
that they ate Let at the most suitable angle required 
by the nature of the- word, and ^hattne temper v)f the 
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gouge is not made too high, or fracture aiid|C©nsequent 
loss will l^e the result. »We have found the palest of pale 
straw colqpr tjie best suited, qxceptJTor the hardest class 
of wood ; a copsideraWe ini^rease in the stran^fh of the 
steel is produced hardeping in oil> 
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CHAPTBE XLl. 

^AND-V'^ING machines for HEixVY TIMBER. 

During recent years the introduction of band-sawing 
machines for converting heavy timber has made very 
considerable progress, more particularly in America, 
where a great number of machines of the largest size 
are in operation. Wlien v^'e consider that a well-con- 
structed band-sawing machine will convert logs of the 
heaviest class with considerable rapidity, and at the 
same time effect a great saving in powei^'and wood, it is 
somewhat |,‘^markable that their development for log 
sawing *has not been more rapid. This may be j;0 a 
certain degree attributed to the difficulty there use'h-to 
be in obtaining band-saw blades of the necessary width 
and temper to withstand the very considerable strain 
' to which they are subjected, and to the want of provision 
of adequate means of keeping the saw in a true vertical 
line. These difficulties have now been entirely ovtn*- 
come, and the machire made commercially succ'essTful. 
The object of the present chapter is to consider briefly 
some of ihe points to be desired in tk'' ^onstiuctiori and 
working of a machir.b of this class. 

Main Frame. — In designing the main frame or 
column of tfie machine, stiengtli^ with rigidity in work- 
ing must be secured. Tn the best practice a^h&Uow- 
cored or box casting made in one piece and arranged 
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with an extended base is usually emploj^d, although 
some Aimoriiian uiaiiittartiirers prefer a wrought-iron 
girder coUimi^ bolted on to a^heav^ base plate. Which- 
ever is u|ied«it is ii^iportaiit that the ba&^ plate and 
foundations generally are sufiBciently massive to, absorb 
the vibratioji*6|' the machine when w»frking at its full 
speed. The base of the ma<ihine is fixed below the mill 
floor, fyid the foiindation bolts pasb entirely through 
the masonryi As regards the ^foundaticyis, dressed • 
stone is best, as it offers a better resistance than brick-* 
work. It should be Accurately levelled^ laidorfah d 
of concrete, and set as nearly perpendiculav to the 
direction of the stress as possible. The quality of the 
work turned out and the •longevity of high-speeded 
machines depend more on the stah'ility of the founda- 
tions than is generally imagined, and any reasonable 
outlay in this Connection is u^uully m<jney well jn rested. 
With the object of securing increased steadiness in 
operation we have seen machines working with*success 
iA^yliich the upper saw swindle riftis in bearings fixed 
on tV.o tof) of the coltiinn and the L^wer spindle in a 
vertical 4ine J^eiieath the base of the machine. An 
additional pair of bearings placed c^itside the driving* 
pulleys of the bottom spiinfle to w*it£stand the puU of 
the belt are an advantage. 

Band Saw Wheels. — 5^n•h^^)s the nibiit yni^ortant 
features in the construction of a band-sawing tnachine 
are the gm.w \>ihii*3ls. Th^se should coiiibiiii'. in the 
highest possible degree strength >Uth lightness ; this is 
more particularly the case with the uppei^ saw wheel, 
as should it be too hejyry it maj^ overrun* tlie bottom or^ 
drivin^^wheelj^anh be a fruit Ail cause of the breakage 
of saws. 
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The wlie^jls should be made of wrought iron or steel, 
covered with wood at the periphery, and this again 
covered with a ba’.id of vulcanised ii dia- rubber or 
leather. The wheels shouki be turned all o^er, the top 
wheel mounted elasticiilly, tind both be perfectly in 
balance. Should they be the least out of balance the 
consequent centrifugal force causes a constant jumping 
motion oi\ the wheels, which will ultimately bceak the 
finest saw blades. For log sawing the sa v wheels must 
of necessity be of large diameter — in fact, within 
moderation, the larger the better — as, should the arc* 
of contact of the saw with the wheel be too acute, the 
blades are rapidly cracked and fractured. The diameter 
of the wheels should be iif proportion to the thickness 
of the log sawn, varying from 6 ft. to 12 ft. diameter, by 
about 8 in. on the face. It is ditlicult to formulate a 
rule ^m,dhe subject, but a wheel of, say, three times the 
diameter c^f the thickness of the wood to be sawn \yill 
generally be^found to be suitable. The top saw wheel 
must be arranged h) cant, so as to direct the saw 
to any desired point on the faie of the wheel, and so 
equalise its wear; care must be takeiir hov*»iver, that 
the teeth are noUallowod to run so far in as to hfar the 
covering. The outside india-rubber covering should Ixj 
a flat ring about 1 in. thick, sprung on and carefully 
cemented in its plaae. If leather is used, two thick- 
nessesfjone of sole and one of buff kather, can be* 
recommended; these will refjnire*^ "ivettillg in their 
|)laces. 

The saw wheel spuniies stiouia ue oi steel supported 
by two pairs 6f bearinji^s^o each spindle ; these can be 
mounted in an adjustable slide for*' the top >yheel and 
in standards pedes tak for the bottom wheel. Wc 
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}ave found tkis arrangement much preferable for heavy 
nachinea to the plan of mounting the wheels to run on 
studs, or ‘using single bearkigs (A* bushes. .The top 
wheel spiiidlt? and olide must be^ capable* of being 
idjusted vertically* to suit* saws of various lengths; this 
3 an be secuf^d* by m^ans of a hand \fheel and screw 
working into a gun-metal nut fiit^*d yi theklide casting. 
For co\%*ring the wheels with wood — which^ should be 
hard and wdl seasoned — ash or% walnut, fibout 2 in. 
thick, is suitable ; it should be accurately sa\fn in seg-* 
ments, lap-jointed, and glued togetl^er, fastened to the 
wheel with counter-sunk coach Bcr(nvs,*and t .irned up 
in its place. Strong steel or wrought-lron tubes make 
excellent spokes for the wlfeels, combining as they do 
strength with lightness. With the object of preventing 
the upper saw wheel ovprruiyiiug the io^'er, some 
engineers make the latter about one-third header than 
Uu' former, so that the increased inoinyitujn may 
prev^jnt its speed being materially reduTied when an 
increase of \vork is put ujioii it. ^or machines where 
the duty ts very severT*, the spokes of the •wheels may 
bo ^ staggered I with advantage; ip. this case the centres 
should be made heavier, and the^^m of the wheel 
strengthenec^ with wrought-iron plates or pads where 
the^ spokes are attached.* The top wheel can be set to 
an angle with the lower whtej by means o^a set scr^w, 
cam,^ or worA gearing, whichever tjie arrangAnent ot 
the wheel Ar slidf^ay rend/r most conv^iont.' ' Wheels 
without flanges arft to b% preferrAl, as the flanges do 
little to support Jhe back of the saw bladej and have a 
tendeycy to twist and i»uckltfit, aiyl heat and crystallise 
the ste^L Sonie \ine^*ican makers construct the lower 
•aw wheel of greater diameter than Rie top, but the 
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writer failg.ito see the advantage of havjng the arc of 
contact of the saw different on the two wh^eels. By 
thus lightening the top wheel the tendeijcy to overrun 
the bottom wheel would oi course be reduced. With 
the same object in view — viz. to equalise the speed of 
both wheels — oentrifugal governor gear has also been 
fitted to thf9 top wheel, out the writer is unable to 
speah from experience as to its succt^'^s or otherwise. 

TENSiQ^f Apparatus. — To secure eff^tive working, 
and present as far as possible, the fracture of the saw 
bladb arisingi-from a rigid tension, the slide or bracket 
carrying the top wheel is always mounted elastically. 
This is effected through the medium of a strong spiral 
or coach spring, or by -means of a counterbalanced 
compound lever, the amount of tension in the latter 
case being regulated by moving the weight nearer to or 
fartl>e^ from the fulcrum. No absoLite rules can be 
made as J o the amount of tension necessary on the 
blade, as this depends largely on the size and nature of 
the wood, the gauge, width, and condition of saw, and 
rate of feed of the wood. If the- rate of feed, is fast, the 
tension of the saw must bo increased to equable it to 
face the wood w^-hout buckling. Great tension is bad, 
aijd often leads to fractures, especially if there should 
be any small cracks in the blade, a conditio^ often 
found ^in ^saws of }mrd^ or crystalline steel. More 
tensia** on the saw should not be given ihan is required 
to keep it to the line. The slide ^hyuld be so evenly 
elastic that, shoula the saw mee^ an obstruction and 
give a jun.p, the spring or lever compensating arrange- 
ment would give with ity and so save a fracture. 

Saw Guides. — One of the chiof troubles found in 
Ihe early bamT-sawing nachine for logs was the difii* 
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culty of keej^in^ the saw blade in a til\e vertical 
line wheiii sawing hea\^ timber. . This has now, how- 
ever, been *111 <i large degre<* sur^iounted by^ means 
which we v^W briefly discuss. In the first*place it is 
important that tlf^ saw be guided anS supported as it 
enters and l^^i^^s the wood. This has*^)een done in a 
variety of ways. The best wifti wl^icli we ^ref acquainted 
is to fit# in the table an adjnsfable *nietailft friotion 
revolving gukV wheel to deceive tli^^ back tlmust of the 
saw, and an adjustable guide fitted immedi{)<kely be- 
neath the table, with if similar guide arranged ih an 
adjustable counterbalanced slide, fixed* imir'^diately 
above the surface of the wood. If flic work is very 
difficult two pairs of movable si eel rollers placed 
immediately above the cut and below the table can be 
used. With these revolving rollers the friction is very 
small, and the^aaw is supported cmisiderably* •The 
or^nary flat adjustable guides are usually^of wood. 
Apple or pear wood soaked in oil is suitable, bu^ some 
iiiRk«rs use plates of steel. ^In sawtng resinous woods, 
where it is^necessaiy t <5 keep the blade clean by lubri- 
catinsr it, tiie writer has used with advantage an oil -box 
guide. This is made in gun-metal, ai^d consists chiefly 
of two flat oil-boxes, placed oiiq on each side of the a^w. 
The sides of the boxes nearest the^saw blade are made 
adjustable, and drilled witli^a nwinbe^’ of*ifmaJl holes, 
•through which the oil can percolate. Hard brushes 
can also be*fixed4lfcijsweep tlfb blade clean at the back 
of the machine with adva^xtage. the packing pieces^ 
whether of wood^br metal, should be adjusted so as to 
just touch the blajle on^either* sWe,^ and lo prevent its 
undue*v^t>ration Jin Vorking. Another plan to keep the 
saw to the line is to dejiect the bladehis it enters and 
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leaves tlie^Aut by means of side friction ’’oilers placed 
on a spindle vertically and made to bear against it. 
The revolving steeb* roller receiving the back thrust of 
the blade lilust be capable of adjustment, "is the duty 
is very severe, and the blade must not be allowed to 
cut too deeply flito it, or it will have a tendency to heat 
and twist tlie blade. The roller need not be more than 
^ ine- thicR ; it should be about 4 in.-licimeter, made of 
hardened -steel, fitted on a’ steel spindle carefully 
mounted in phosphor-bronze bearings. These, together 
with the lo\Ver side guides, ‘can be mounted with 
advantage on* a bracket arranged to swivel so that the 
guide may be readily adjusted to the plane of the saw 
blade. 

We ilhistratc in fig. 44 an inii)ri>vod form of guide 
and guide arm, of American origin, in which the pivot 
is ifi Jino witluthe teeth of the 8a< hut slightly to 
one side,.^ind it is stated that the amount of move- 
ment whicb this position entails upon the cutting 
edge of the saw is' so sliglit as to be immaterial.' , Tlie 
hardened steel roller is fitted l^e tween steel ;^lates ; the 
ontsid(‘ plate is g in. thick, with a slot cut indt to make 
room for the nu-t on the roller. This outside plate is 
hojted to the guide casting by three stud bolts, which 
pass through adjusting steed plugs, thus enabling the 
distanep between tha plates to be altered at will. *The 
uppercand loiver edges of the plates s^re bevelled a.s** 
^hown,<»and the sfdc guidds, which ^rp gibs’of brass^or 
, steel, are slipped *bn and ' 3 crewHd fast. The whole 
guide is tlren pivoted close to the cutting edge of tin* 
saw, and by lessening one nut the guide may be adjusted 
by the handle shown at the back whilst the sa^Jv is in 
motion. 
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We have»seon aiioMier very ^ood j^uidj^ consisting 
of a baud si eel disc Arranged to rotate on its axis, 
so as to presc^nt fresh weariiig sutfaces to the back of 
the saw. ,Tha side glides are tw.'^ half dijcs, which 
are made tc cnibm^e the sides of the saw, and gau be 
readily adju^tec^by a screw when the siJ^v is in motion. 
Timber Cabriage. — Tins usuayy*a table of 
wrought iron rumiing on friction n^lers o^railsfand 
operated by steam, rack tfnd pinion* or friction gearing. 



It should be fitted with adjtistabh * sliding heads and 
dogs for holding the timlier firmly in position, and be 
spee'ded to travel from, say, 5 ft. Jo 10 .^ ft.* 4 )er minute, 
according to Jbhe size and nnture.of the wood to 6e 
Si¥W\u Bycneai^^of a hand* lever and suitable-frictioR 
gear the traverse cd’ the tulbb) maji be iM 3 adily started^' 
stopped, or revefsed,* as may be •required. By the 
employment of a friction dijic the rate flf feed may be 
regulated to a incety. Rope floods *and feeds similar to 
those used in rack sawibenclies are als» used, but care 
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must be tairfn that the speed of the feed is uot excessive, 
or the saw blade may be buckled^and broken,. as, being 
of much thinner gai»ge and usually running tit a slower 
speed than ‘a circular saw, it wjjl not stand so much 
‘ crowding.’ The levers and hand wheels controlling 
the stopping, rftatting, feeding, and adjusting of the 
logs should "be placed so as to be readily under the 
coni'ol of the operator, and as near ti^gether asanay be. 
In the most advanced machines the headi blocks can be 
simultaneously moved by a lever, and the thickness of 
the cut regulated to the greah^st exactness by means of 
an indexed gauge plate. 

Band Saw Blades. — It need hardly be said that 
no matter how well a machine be designed and made, 
unless the cutting tool is of the finest quality the 
result is always unsatisfactory. What is required in a 
band saw is toughness combined with a certain degree 
of hardness. If the blade be too soft it will not stand 
to its work, .md will require constant sharpening, if 
it be too hard it Jvill crystallise and break; it must, 
however, b^' sufficiently hard to keep well Us cutting 
edge. French handsaws have long been held in the 
liest repute, but ,soine English firms are now making 
very good ones. It is Tiot easy to distinguish by in- 
spection the quality or temper of a saw bhwle, 4Uid a 
user must heceWrfiy rely to a grinit extent on the 
repuU^of the saw maker. Not a Viid test is to* 
* hamnfer set’ a few of Ine teeth c/'irsely, and if tfie 
.temper is too hnriE^a tooth *^vill ixobably crack. The 
gauge of *1110 saw should he in fimportion to the 
diameter ot tfie saw wheels and the nature of the work. 
A thin gauge saw will’ stand bettfr than a thick one, 
then‘fore a 8 a\s^ of a gre^^ter gauge than is required to 
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Rtand up to Wie work should not be selected ; but for 
cutting hard, close-grained woods, such as oak, beech, 
tHjc., a Lhtcke^ saw will bj fequirt^d than for* medium 
and soft firooils. Lotig blades will* stand ^better than 
short ones. To <I(> thoroughly satisfactory vvork«, band 
saw should bav^ tceth.correjt in shape, and the blade 
be uniform in gaijge, width, toof^iiog, * sharpening, 
setting,* and temper. The question as to t/e 8ha^>e of 
the teeth is if matter not easily dealt with, h.s it should 
bo regulated by the iK^ture of the wood the^ have to* 
cut. Teeth with square or anguhu* guflets should be 
avoided, as they are more likely to crack at die roots 
of the teeth than those with rounded j^^ullets. For con- 
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vertbig ordinary timber a saw witli teeih similar to 
fig. ^5 is suitable. For sjwing oat:, asli, elm, and hard 
woods gtnierally * mon) teeth should be need than for 
soft wood? and these filed farther^ back. For woods of’ 
woolly fibre, such as poplar, saws w^fjlj deep teeth and 
coarse space and set should be ^nnployed, to allows an 
easy clearance for the sawdust, and overcome its cling- 
ing properties. Coarse tee^th aflTd set should also J>e 
used^or cuttflig pitch pine. For Soft woods (Ordinary, 
haivi-sa w teeth ®re often iisptl. It, is important that afl^ 
the saw teeth be plfhrpenAl and set alike. With this 
object in view, automatic sharpening and setting^ 
macbyies have cbeen* mtro*duced, with satisfactory 

* See iSftui Ar^ngemt,]^ and Management, by M. Fowls 

BaIc. 
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results* A ‘suitable gauge for saws 8 i\i. wide for 
cutting soft and medium woods is 17 S.W.GT. with a 
pitch of about IJ in/ The' amount of set shduld vary 
according to the density of the \Vood, tfie harder the 
wood the less the amount of set necessary and the 
greater the number of teeth. For cOnv-^rting very 
hard woods^, such f s iron w'ood, the author prefers fine- 
toothed and set mill saws to either ^circular (it band 
saws. For sawing dbals, band-sawing machines carry- 
ing two blades have been introduced into this country 
with success, a cutting speed of about 6 ft. per minute 
being inaintiiined, with a kerf loss of about in. for 
each cut. It is very important, in order to secure an 
even motion on the saw blade, that the brazing be 
very completely done, and that the joint be of exactly 
the same thickness as the rest of the blade. 

8pEi?i) OF Saw^’Bladk.— The question of the speed 
of the blacT.^ is a factor of considerable importance^" 
securing efficient working. A short saw running over 
medium-sized wheels canno"j, with safety, be rui* so 
fast as a long saw raniiing over largti ones, by several 
thousand feet per mimUe. A speed of fr(tm 5,\)00 ft. to 
10,000 ft. per mirhte — according to the nature of the 
woi'k and construction of the machine— may be con- 
sidered a fair, ma.rgin. 

NoTiffe oS WoEKiNG. — 'Keep the saw to a moderate 
tension and see that the wheel coverings are nqt al- 
■‘lowed to get nough tor worn. When' sawing resiivous 
woods, keep the bl^e as clean •as'^ possible by lubri- 
cating and br^lshing if. After taking a cut the log 
should be set back -very slightly, so • as to cleqr the 
teeth of the saw, as the ^able mns back, preparatory 
to taking another cut. The" saw should never be 
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crowded witlj too quick a feed, or it wilj.liwist and 
buckle and not cut ttue and regular. Emerson, an 
American Mna VI ufacturer of f^ws, gives the following 
instructions fcfr straigiitenuig band saws. W‘.band saws 
contain lumps oi* twists, put them oh the wheels, and 
at the tensipA ihey are to be run. The a light, oval- 
faced hand-hammer ^for thin, narrow ^awe, a heavier 
hammer for wider and thicker ones, aild a ghort 
straight-edgef say 6 in,* long, for* narrow gaws, and a 
longer one for wide saws. The tongue of a c^penter’s* 
or machinist’s try squa\’e, if straight^ wil> aiiSweif (Jo 
over the saw carefully with the straight-edge, and 
mark the lumps and high places on both sides of the 
saw. Now hold the oval fa(^ (end) ot a carpenter’s or 
millwright’s mallet against the side of the saw, exactly 
on the opposite side from the marked places, which 
should be marked with chalk* 'fou find tlj|it a few 
U<’iiit blows against the saw opposite the smooth face of 
the i^allet will knock out the lumps. ^York dn both 
inai^ied sides as you go alpng, watching very carefully 
with youV straight-ed^e as you in'oceed, an^ you will at 
once see •that the lumps or high places begin to dis-v 
appear. If your saw^ has been s^jung edgewise by. 
gumming or cutting out the fgeth witti a press gummor, 
tak;p most of the weiglit the saw, so as only to have^ 
barely tension enough to hold the sifw ^ai^ht on its 
sideg; use a* long straight-edge, «ay 18 in. tp 20 ^ 11 . 
Ibnjg, and he su»e that it i5 straight. If the* back 
the saw is found •to^ be •hollowing^ hofd the face of ^a 
heavy hand-hammer against one side of the saw, and, 
with a lighter ht|jnd-htynmerf hammer tBe blade againstf 
the faq^ of the*la^ge hand-hafnmer, commencing at the 
edge of the saw near ^the hack, working towards the 
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roots of thei.teeth, thus stretching the saw at the back. 
Striking light blows on a thin, narrow saw, and heavier 
ones on a, wide, thick saw, will soon bring them straight 
on the back. The principle of this operation is that 
you stretch the steel at the back of the saw. A band 
saw will work' badly if the cuttings, edge becomes 
stretched so tbat^it i^ hollow-backed. It will work 
muck better if the back is stretched a little longer than 
the cutting edge, so ihat it will be a trifle rounding on 
the back (but not too much). Then, when the saw is 
strained up, the cutting-edge will be a little tighter 
than the back. With a little practice, care, and per- 
severance, any ordinary mechanic can make a good 
job, with tools that he can pick up in almost any shop 
or mill using band saws, and will be surprised to learn 
how quickly he can go over a saw, and how much he 
can iiiiix^ove the -working, of it. Unless you want to 
stretch thq saw, use wood and not iron or steel 
hammer against. 

CiRCULx\K AND Band S vw8 COMPARED.— Circular 

c 

saws for breaking down heavy timber, when compared 
with band saws used for the same purpos'^, possess the 
advantage of gi-ea,ter output, and are perhaps a little 
morp easily managed. On the other hand, the band 
saw uses much less power and wastes much less wood. 
The first.cos*^ of a good rack-feed saw bench and a band 
saw for logs is sliphtly in favour of the former. In 
America, where circular saws are used cf much thickek 

C f » * t 

gauge than they ara here, the saving in power and 
wood through using a band saw is coiTespondingly 
^eater. Tn’sawing pine the avc^nige qutput on a first- 
rate circular saw iu America ma^ be set-down about 
40,000 ft. per duy of ten uours, whilst a band Saw in 
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the same time would produce about 80,0t)(f ft. We 
believe these figures h*kve been exceeded, but think 
they may be t^iken as a fair# averftge. An American 
authority, in cfcmpariiig circular and band-saws, says 
that ‘ the kerf of •Qircular*savvs average in., jyid in 
sawing l,000^f. of inch boards 312 ft.^is turned into 
sawdust. The average kerf* of ybe ^and s^w is about 
in., and in sawing the same amount of^boarcte it 
turns 83 ft. into sawdust.* This shows a char saviffg 
of 229 ft. in favour of Mic band saw on every ft., 
and on 1,000,000 ft. of 259,000 ft.,’ at^ enotinous s^ing 
to say the least. The figures here givmi mu»t, how- 
ever, be very considerably discounted when applied to 
this country, as the circular •saws in use here arc of 
very much thinner gauge ; but supposing a reduction 
of 50 per cent., and the saving is^stilj very great. This 
is, of couree, particularly the c«se whe» valuable \foods 
are converted. Again, if the band-sawing i^achine is 
carefu^Jy made and handled, tlie work •produced is 
supeMor to that of the ci^^iilur* s’Aw. This may be 
chiefly acdbiinted for •through the groator freedom 
from vibration of the band saw when cutting. As the 
advantages arising from the einployiuint of Land saws 
become better^ known .and pj)preciated, there is lif^le 
doubJb*that they will, on their merits, rapidly supersede 
large circular saws for con veri^ng •heavy lo^. , 

Fig. 46 repffesents a patent horizfti^tal log bafld saw 
A RansoTno a»l t'O-, Limited, whj h ive^ long fliadc a* 
special study of this tygo ofjmachine.* 

As^will be seou from the illustration the entire 
machine, including; the gear hfc Vorking \\iq travelling * 
carriage^giul for ^aiSing^aiid lowering the saw carriage, 
is mounted on a cast-irog bedplate, and this being fixed 
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un a bed if concrete on the ground level, 'iio excavations 
are necovssaiy. 

The, saw wheels ?ir(', inad^ of tough cast iroli, and tilted 
with wrought stee) spokes cast in, ‘the driving'*vlieel being 
somewhat heavier than the ‘driven one to prevent over- 
running. Both wheels are turned all over ^nd accurately 
balanced, aiid the^spokes are S(*t sb|ggered. The saw blade 
is ran melal to metal at a speed of 7*500 ft. poiMuinute. 

The sii^.v-wbeel spindles are of steel Vunning in long 
autifric^Liou roller bearings. 

The requisite J:ension to thesaw l)lade is regulated by 
a patented airangement of levers, which can be nvidily 
varied to suit difterent widths and gauges of saws, and it 
is claimed that the tensioli always remains constant, any 
elongation of the blade being automatically taken up ]>y 
a weighted lover. ^ ^ 

Tlw.' Civsting m which the saw wheels are carried is 
provided pvith two long so(*kets, wliicb are bored U) fit 
the two veulieal columns of the machine on which tlui 
saw carriage rises cUkI falls, ^ and as these sockets arv long 
and of largo diameter, the weaf on them is* very small 
aiul they will work for a long period without vibration, 
an advantage oyer the onlinary flat slides and strips 
wjuch require more (»r It^.-^s frequent adjustment. 

The vertical movement of, the saw carriage is actuated 
by two str^tng, 'squav.e-thr^aded screws which are made 
{o roWte iii either direction by suitable machine-cut* 
gearing. An adjustable fotarv inicrovjieterMUid pointer 
is fitted, by \v-hich*tAie opefiU.or caw adjust tlie saw'with 
great exactitude t« cut hoards of afiy desired thickness 
without m'easliring or calculation, and the distance of the 
saw from the log carriage is shown hj a jotaiy scafc which 
automatically indicates tlio ex^^ position of the saw. 
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THE CONStAuCTIOK AND MANA(i»MENT OF*BAND- 
SAWIN('r •MACHINES. 

Many of our remarks oii log baiul-sawing^naehiiies will 
apply also to those of i>rdiiiary constmction, but wo may 
say that, to make a really eilicient machine, the main 
framing should be rigid and cast in one piece, and of a 
height not greater than is absolutely required for 
working. HollcAv or ‘ box ’‘frannng if^ to be pr^^f^Tcd, 
but, for light machines a stout tldiige casting jiiay bo 
sufficient; the base of the machine «hould#b(f extended, . 
aiTd,4^1ven these, freedom from rf^.xoessive vibration in 
working n«iy bo secured, * , 

To inspire ejisy manipulation of the wood, it will be , 
necessary to bow tin* main framd supcieiitly to allow 
of ample space between it itud thJ ^aw. Tlie next 
most •important point is jilie construction of the saw 
wheels. These should be of^as Ugige adiaiT^eter as may 
be convenientf and combine strengyi with ligliness Tn 
thfe highestPpos^lde degree, ;fnd be perfectl} iiibalancei' 
An elastic rubber band or idshiuu insist also be provided’ 
for the saw t^ rid? on. 

In the best j)ractice^t.he old cfdstr-iron flagged wheels 
have given pla^e to light sted or*wrought4ron ones, 
made somewhat after tne fashion of biqycle wheels and 
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without haagea. The top wheel is amaiged to cant, 
thus directing the saw to run on any part of the peri- 
phery aiid equalising theiwear on the e^aatio covering. 
The top caw wheel must be mounted ela&tically, and 
the author has found for heavy macnines two pairs of 
bearings — mounted in a slide for the hop wheel, and in 
standards or ipedestajs for thejbottom wheel — to be 
preferable to single bearings or the plan of mounting 
the wheels to run ai studs. To keep che saw to its 
proper tension, and lessen the breakage of the blades, a 
weiglited counterbalance lever, or a spring airangemeiit, 
must in all cases be fitted to the top slide. An ex- 
tremely important matter is the guiding and supporting 
of the saw blade as it enters and leaves the wood ; this 
may be done by fitting in the table metallic friction 
guide wheels to receive the back thrust of the saw, an 
adju8\.tjle wooden guide immediately beneath the table 
and a similar guide fitted in an adjustable counter- 
balanced slidb fixed immediately above the surface of 
the wood. 

The table must, of course, be armngeu to siit to 
angle : this is usually done by means of'U slotted quad- 
rant and stud, but the trouble of unslaeking the nut 
and uncertainty of fixing the table may be obviated by 
forming a worm on the quadiunt, and working ii by a 
worm and ^.laiid wh{A.*l. The table can thus be set to 
any deSired angle. \Cith the greatest nicetj'. 

Befdre coiprnci^ing work, tlie mf^'chimi shoul^ Tbe 
carefully fixed to dead le'^el, and it would be well to 
place beneath the 'base-plate a sheet of felt, as this 
has a tendency to pbsorb and lessen the vibration in 
working, especially if the machine te placed on an 
upper floor. 
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THE liKEAK^GE OP BAND-SAWS. •» 

d9 band saws broak ? that^is the question. 

Many people woah} prc^a\>ly say because they are 
not strong enough,; but whgn we consider that* the limit 
of enclurance^cf a jointed and strained b^id saw bfade is 
not less than* 180 lbs. /or every ^ of its w^dth, some- 
thing beyond fair i^sa^e must account for*tho^ constant 
breakage. T t|ike it the «Lief causes of breAkage may 
be set down as follous 

1. Improperly or badly constructed inivchiiit;a, ^ 

2. Bad saws, 

3. Saws of too thick a gauge for the diameter of 
the wheels. 

4. Saw wheels too small, too heavy, or out of 
balance. 

5. Want of elastic tenf?ion fn fiioiiuting ih(^ saw 
wheels, 

(). Too great or sudden a tensioii, or wji(4l cowering^ 
\vt)ri^br out of order. 

7. In 4 )vercommg dhe inertia f»f starting the top 
wheel, and froiu the top wheel overrunning the bottom 
wheel and sa w. 

8. From the expansion (^f worWit^ and the omis- 
sion to loosen* the saw blade as it contracts after finish-^ 
ing work. 

9. Tmprof^r method of receiving the back JJirust\)f 

the saw. ^ 

To. From impevfect V^Tizing Ayd the ioint being* 
thicker than the Sthef pari of the Ua le. , 

It. From chips droj>pingJbotAveen tins blade and tif** 
bottoft saw wheel.* 

12. *fnsufticient guides f«r the sayr as it enters or 
leavesdhe cut. 
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18. Improper tueth or width of blade for the wood 
or work to oe done. 

14. Improper and uneven sharpening and setting. 

15. Improper speed. 

16. Iihprope’* ivorking, such as . forcing the saw, 
using dull saw^j &e. 

There may be other reasons for breakage than 
above, but these are the chief ones the writer can call 
to mind at the moment ; pnK'tieal reac]ers can add to 
the list. 

Peferring to cause of breakage No. 1 on the list, 
we have already given some notes on the points to be 
desired in a well-constructed machine which will suffi- 
ciently answer this. 

With refereme to band saws (No. 2), the user has 
to a great extent to place himself in tlie hands of the 
Sdw-piaker, as it is difficult to distinguish by inspection 
the cpiality or temper of li saw bliuh‘. By bending the 
blade JT bj setting some of the teeth coarsely you can 
in a degree judge its elastieity as to its temper, as, 
should it be too hard, it w<>nld pr(»])ably crack. A 
blade eitln'r too hard tn* too soft is useless ; wliat is re- 
quired in a band saw is toughness, and a c(‘rtain degree 
of hardness combined. (8) A fruitful cinise of breakage 
of tlie blades is tin* use of band saws of too thick a 
gauge fur tho sire •>« the saw wheels on which they Viin, 
The blades when iq^work are subjected to several severe * 
strains,^ the chief of which are bending and torsibnij; 
this is particularly the case Ayhen thick saws are rub on 
wheels of small diameter, as the arc of contact of the 
..tw and whee’ is too sharp. It is a mistake to use 
thick saws ; n thin gtnirf' saw will •aand hdtiir than a 
thick one. 
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4. As we have elsewliero reinarl^ed, saw vyHeels of 
small diameter arc to l^c avoided. We pr^lftr to run 
wheels without flano-os on them. 5. A very important 
point in workinjf band .-’aws is ^to secure a constant and 
even tension on tin; saw blatje; at the siayio tim& the ten- 
sion should be 'Jastib, and not rii^id, to allow for tlife ex- 
pansion and <?on?ractioit of the saw, as the friction of 
working ^setb up heatf which causes tli^* bf'ide to ex- 
pand, and wl.ey the maclyue is at rest, and 4116 bl?ido 
becomes cool, it contracts again. »Should the* saw catch 
in a knot or nail and gi^e a jump, if thed:op safv wjieel 
is mounted rigidly it will almost invariably snap, but 
should it be elastically mounted it will give with the 
saw, and so save its fracture. ^ 

6. Some operators run their saws at too great a ten- 
sion, and should this be suddenly increased by th(3 saw 
striking some hatd substance^ fraofcur© is the result ;^or if 
the elastic saw wheel covering ft allowe?* to get wT)rn the 
saw* becomes twisted in running and breal^ge*often 
crieues? This latter can be avoi^decj by arranging the 
top saw w(joel to cant, ^ind %o leudii>g the saw to any 
part of thej^eri^hery, and thus equalising theVoar of the 
rubber covering. Should saws be niti at too groat tension, 
the excessive friction rapidly alters th% granular struc- 
ture qf the std<[3l, which becom?s crystallised and sdmi 
cracks and fractures. 

I 7, In wording band-sa\fihg iqachines* it* is iiB- 
pViaTit th^ they should bc«set in inotiou gradually^ 
inoitj particularly where ^the wiuJ^ls aiv^ of ttie old- 
fashioned type a»d liv^av}'^ as it ta^cc'^ a little time td 
overcome the inertia of the top saw wli^el^ and if th^ 
power^ls applie'fl jIU at Slice tli^reit^a considerable ten- 
dency tb* snap the bla^e frq^n the sudden strain put 
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upon it. * To ovdrtfome this, striking or belt gear can 
be workea 'ey means of a very coarse screw. This can 
also be applied to thestai-ting of heavy planing machines 
with decided advantage. 

A fruitful cf'.iKe of breaiage of, the blades is the 
overrunning by the top wheel of the bottom or driving 
wheel of the saw, and also, of the saw itself. When the 
top saw wheel k ruhning at full speed it necessarily 
acquires a considerable momentum, and acts somewhat 
after the fashion of a fly wheel ; consequently, when 
the speed of the saw blade is suddenly checked by its 
entry into the wood as it commences to saw, the 
acquired momentum of the top wheel not being checked 
in a like proportion overruns the saw and the driving 
wheel, and creeps, so to speak, up the back of the saw, 
and consequently buckles or breaks it at the point of 
resistance, viz. wfcerecthe saw enters ^the wood. The 
remedy for this is to construct the top saw wheel as 
light as possible, make it in perfect balance, mount it 
elastically, and cover it with a thick band — say^J in<— 
of vulcanised indiarubber: These arrangements will 
neutralise to a considerable degree the sudden strain put 
on the saw at startmg, and largely obviate the over- 
running above 2.>liuded to. 

* 8 . Sow blades shonld. in all coses be shfckeiied out after 
finishinff wo<'h ^Notwithstanding the small area of the 
Wade irt frictional contact with the wood, and the cou-i 
stant cooling ad;ion of .the air through which 
saw passes, a' considerable amount of heat is (fften 
engendered in the ,blade, especially sawing resinous 
MV difficult w iods. Consequently, the bWlc expands 
considerably, and the elack is tak#}ii up by the ope- 
rator. When the work over, and the frictRm on the 
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blade removed, it immediately commences contract. 
Should it not be at liberty to do this^ from the tension 
not being removed, cracks aji lhe roT)ts of the teeth are 
the result; •conSequently, when the sav^ is started again 
it flies. When rubbers are put on the wheels ne\/they 
may give suffijpfemtly to^allow^of the necessary contrac- 
tioji, but when they Income worn an<J hkri or where 
leather ooverings Are used, tlie above is usually lihe 
result. 

9. Another cause of the breakage of the blades i^ an 
improper method of receiving their back thrust. The 
best way to do this has been the subject*of consider- 
able discussion. We prefer to fit revolving steel discs 
for this purpose, as the bacf of the saw blade doe? 
not so readily cut into them as with fixed ones. If a 
disc is allowed to get deeply gr^ovotl, the blade gets 
buckled and twisted, and often iireuks. 

iP. Imperfect brazing is another cause of breakage. 
To secure a steady aijd even motion on the saw blade, 
it S important that the brazing be* ca^-efully and neatly 
done (see p.*888). 

11. Chips may be prevented drvpi>ing between the 
saw blade and the bottom wheel^by atti#Aing an angular 
guard to the fr;^me of the macWne. 

12^. •No comment is needed with ;;e3pfcjct to in- 
sufficient guides. 

* lo. ^The pnfjKH-* shape an d^ pitch of the teeth is a 
mafter of gr5at n*)meijt in* tjie sucfessfut working of 
band saws. Should tbcth be used imsuHed to^the wood 
being cut, a largely increased friction on iho blade is* 
set up, tjic teetluai'® rapMly diiljed or broken, and the 
work turi^ out is inferipr. j^or sawing all ordinary 
woods of the Ptw«« family«ordinai^' hand saw teeth are 
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suitiible/f^cepi fof pitch piiio ; for working this wood 
coiirsely spaced and set teeth ^are suitable.^ We can 
recommend for durability saws with gullet teeth, that 
is, rounded at the root, as they are less liable to fracture 
than^ saws with'the rooisr running to an angle, as 
the fracture in the blade is found almost invariably 
to cominefict^ at the p6int df this aifgle. Owing, 
hoivever,rto snudl gullet teeth b<5ing more trqublesome 
to sharpein, the hand saw teeth are now largely em- 
ployed, For sawing oak, a.s)i, elm, and hard woods 
geifeiully, more teeth or poiivbs, say live or six to the 
inch, shouhl be used, and these filed farther bai!k. For 
heavy sawing, peg teeth with round gullets are to be 
jireferred. For woods of wocdly fibre, such as English 
poplar, saws with deep teeth should be used, with 
coarse space, and set to allow an (‘asy c!(nirance for the 
sawdust and oveiVonie its‘clinging properties. Sawsol 
a wi<lth suited to the work should be used, and wide 
saw^ should never be twisted round sharp curves, or 
they will bmtkle* and run out of truth. For ^Straight 
work a wjder saw may he usetl with advaiitagt‘. 

14.* Care must be taktm that the saw teeth are 
uniformly set ;pid Sharpened. Umnon and improper 
setting causes a eonsidera hie aunnuit of teiision to the 
saw blade, increased friction crystallisihg tht‘ st^eol, and 
conscquevl bii-ahage. The teeth of band saws should 
by |M*^ferelice be* set by light, eartd'ulJy given hlowt^ 
instead of benaing, which unless very earefuily 4 >er- 
formed, is more liable to'b.uekle t^e blmles and prevent 
them running trae, Heveral VitU^ machines are now 
made, by^ which saws .can be accurately set to any 
desired coarseness by blow simikiV to that given by a 
hammer inshnd of by a'heinlihg pressun*. i'band saw 
sllvipeiiing machine 'has also been constructed, which 
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automatically .sljarpens all the tee\h aliky.^* By im- 
proving tl^e quality of "the work and reducing the fric- 
tion on, arijl consequent breakage the saw blades, 
these inachiiies4Should very Apidly earn thei# J&rst cost. 

15. The speedi at which the saw *btade travelg has 
much io do \yUi^its cutting efliciency. •Saws running 
on small wJieels, say, bblow 6 ft. diametjer/ cannot be 
run with^safety so as o»i larger wheels. •Spealang 
generally, saw ^blades working on ^heels up to 3 ft. 
diameter cifn be run up to 4,500 ft. per minute /or soft 
and medium woods, thtft is, presupposing* a well-con- 
structed machine to be used. For sawing hard woods 
up to 3,500 ft. per minute, with saw wheels above 3 ft. 
diameter, these speeds may bc^increased. 

16. We need hardly say a bad workman may break 
any amount of ^aws by forcing them, bending them 
edgeways, using Hull saws, or^saws t<jj wide o* Stout 
for the work, &c. If in working a properly J^iarpened 
and set blade shoulO have a tendency to biinl, it*pro- 
bably^alises from insufficiency of®thi'oat room in the 
teeth, [t would bo wcllf there fore, to try a sajv with the 
teeth set a Wtle, further apart: this will not cut quite 
s(» fast, but the sawdust will have tinn^ to escape, and 
the binding should be done awft^^ with. 

In Ajoncluding our remavks on \vorking band saw's, 
there *is little doubt that — givqii^\n»ibe tirst instance 
%"ell-constructe4 machine, a careful oj>eratof, M.n^a saw 
blade uniform iii^ gauge, vi^idfli, toojhiug^sharpeuing, 
setting, and temper— «a band sawing liiachiiie is one of 
tbe most money-eaiffitng and valuablcfo^’ all wood-work- 
ing machines, not only ^>r the* ordinary curved work, 
for whicfli it is ggnel’ally used, 6ut for breaking down 
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OIHOULAR SAWS ; TilEIil ADJUSTMENT AND 
MANAOE&ENT. 

As '‘good safes cannot nni proj-jcrly in a bad machine; it 
may be as ^vell to consider briefly, in the first place, 
what points of construction are to l)e desired in a really 
efficient saw bench. Iiothe most advanced practice the 
main frame is invariably made on the ‘ box ’ system, 
and cast in one piece, and there is litth? doubt that 
the" strains aiif^ vibrations of workiMg are thus more 
readily obsorbed than is the case where the frame is 
put together in sections. The face and edges of the 
{able must be truly planed. 

We now come to a very important matter in all 
wood-working machines, viz. the bearings ; and W(‘ 
cannot help thinking that, having in mind the constant 
and S(‘vere strains to ^vhieh they are subjected, the 
majority of them in this country are made much too 
short; tlh^ bearing' surfioM' is thus limited, anfl con- 
scqiu*..‘lly the pressure on it is very- groat. In America 
long bearings ha>;e boefi th(‘ rule fqr years, aild s<f>nie 
few Knglish tiriin are at 'length introducing the system, 
with the* result that, owing to’the' pressure Ixiing dis- 
tributed,* the frictioif amt consequent heating and wear 
are reduced and their' longevity largely increri^ed. 

In preference to wlflte metal alloys as ilsed in the 
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States, gun-niftal and phosphor-bronze are tlje^aterials 
usually employed hero, •and a bearing of from three fco 
four diayieiers in length can Ije recommended. For all 
saws abov(^ 30 in. in diameter, three sets d£ bearings 
sliould be fitted, oftg of these being placed outsiclp the 
driving pulle^s*!^ over(.^ome the pull of the belt. The 
author recommended Jliat this latter beaidi^ be made 
adjustable' for wear ; this can rea»fily b^ done, by 
dividing the tearing verfically and unevenly, and by 
■passing set screws through the side of the pedesial. In 
large benches, at any rctte, it will be ^fomitl convefiiont 
to let the bearings in from the top of the 4)611011 and fit 
in false plates in preference to fitting them in plurnmer 
blocks bolted to the under ^irface of the frame. To 
insur(‘ the saw spindle running true, all bearings 
should be bored out in their jilaces iijstead of in a lathe 
as is occasionally done. The #aw spi>#dle shonWIie of 
ste(d and free from seams or har< I places, ^nd fitted 
with an adjustable iot'k-iiut to take up tke end*wear, * 
Tfie »iiw collars and stead;^ pin* should be very care- 
fully niadfl, and the liftter be an easy fitf or it may 
throw the* saiw slightly out of centre. The ^lole m* 
idiicli the pin is fitted should be ci^untersiink. The 
fence should Jie very accuracy jilaned, arranged ,to 
bevej,*and fitted with strips and fii;e adjustment screw* 
for accurately gauging tlie ^Uielffiess of t\e ^ut. In 
heavy, macliiu^s, a* lever pressure roller and wt?Jght for 
holcUng the wo#d up to The* fen will , be necessary 
and the drag-rope. Ad^er, yipiu, rack or other feed for 
taking the wood through the saw is \isually fitted. We 
take it^a very impprtant facto?' fn tjie effective working 
of circukir saw bencheg is found in the diameter and 
width of the driving pulleys employed. • Many of these 
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are undoub'^edly made of too small a diameter and too 
narrow on tlie face for the work they have to perform ; 
on this point we shall have something to say further 
on. These pulleys should be crowned on the face, and 
the pulley driving them flat, and of* a width equal to 
both of them. With reference, to the lot^se pulleys on 
saw benches, there is little doubt .that they are amongst 
the most troublesome things in a saw-mill to" keep in 
order, and it may not be out of place to say a few words 
thereon. In the first place, thej are not always properly 
designed for the work they have to perform, tlie 
same pattern being used for all kinds of duty. 

For use on saw benches, where the sj^eeds are high 
and the belts often heavy, the pulleys should in all 
cases be bored and rliymered perfectly true. If an 
ordinary loose prlley be used, the ^ boss should be 
extended so as th project, say, an inch beyond the rim 
of the pul’ey ; the inside of the boss should be recessed 
and an oilwhy cut. The pulley should fit thp shaft 
easily but not h>osely,‘so as* to admit of a thin fifim of 
oil pemdritling between the pulley and the shaft, the 
object being for the pulley to ride on tlu^ oirand notoii 
the shaft. For in saw benches, the loose pulley can, 
with advantage, be made of less diamete'* than the fast, 
so that the driving bolt is relieved from strain when 
uot at ivoi^lv and has time to recover its elasticity;^ 
it is usual in thk case to make the'loose pulley^ with 
an inclnied fkinge '"leading up to the fast pulley to 
facilitate the sluilfting of 'the. fielt.' The oil-holes 
i'^ould in all cases be of ample sizt^, and either a 
lubricator or pipe •fitte^*. Thfc lubrication shijpld be 

‘ tian-milU : Tl^it Arrantjr\^rnt and Majuigement, Uy M. Powii 
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carefully atletided to, especially wtien ^J)ulley is 
n^w ; should it once be^aliowed to seize^ it will require 
re-rhymering, it will be constantly giving trouble. 

If proporlji fitted and* lubneated, cast iron*;nakes an 
excellent weQ,viiig^>irfaco ; a little fine plumbago Intro- 
duced into i»il will keep it longer ih the bearing, 
and by filling up th% Jittle p5res in the iroi#, produce a 
fine, suKfoth surface. Should the locsfe pulley be njade 
of less diameffer than thfi tight, tljp diflhre«ice should 
not be great, say not more than 1 in., or, in ^shifting < 
the belt from the loose bn to the tight, it* will become 
unevenly stretched on the one side, and*bc apt to run 
out of truth. In many cases it will be found an 
excellent plan to arrange tint loose pulley to run on a 
sleeve of cast iron. A patent in this direction has been 
taken out, of which we hear satisfactory results. In 
this plan the boss of the loose* p)iil\y #s somev^nft en- 
larged, and made to revolve on a sleeve instead of on 
the shrift itself. Tne pulley boss is recess'd to form an* 
oil ciianiber, and the oil ij snppli(/d in the usual way 
llirongh aTpipe, and is^reveiited from leaving the bear- 
ing by int*ans atf a flange fitted to the end of the boss,* 
and by the centrifugal force engendered when the pulley ■ 
is set in inotipn, which cause%the oil to fiy immediately 
to tjit largest dianuder, whi^di is the working or rubbing 
face of the sleeve. Tight li(Jts,*\)iten tdk narrow for 
the york, artf a fruitful cause of lobse pulley ^^rinding 
on Jihe shaft anti getting but of or^Jer. The uKthor lifts 
recently patented ^ ^sys?pm of bitshing loose pulleys 
with glass, which lias every appeaiftnice of being highly 
8ucce|sful. Im ijiis cjiiie tho^ifsli is cvenafed in suePST 
inanne|^*that atiupply ^f lubricating material — of which 
very little is required -Js retained in k.. 
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Circular saws may run out of truth Jrom a great 
variety of causes, amongst which the following are 
perhaps the chief, hut practical operators will be able 
to add to the list : — 

1. Saws of tdb thin a gauge for J;Le work. 

2. IiTegular setting. 

3. Improper form^of tfceth for the worTf, 

Too» rapid a feed of the timber. 

5. Improper sharpening o2 the teeth 

d. T,eeth of an improper pitch, or with insufficient 
gulley space to allow sawdust to escape freely. 

7. Saw plate unevenly ‘ balanced,’ or improperly 
hung. 

8. Saw becoming ‘buckled’ through overheating 
from the friction of the wood or heat from bear- 
ings &c. 

(^bllar or steady pjn of saw spindle out of truth. 

10. Saw plate of too mild a temper or untpily 
ground. 

11. S aw not ccmjrensated, hammered, or distorts 
enough wh^n cold— by the maker to run true wdien 
warm aful at its full speed. 

12. Too mucl^ ‘ lead * or rake on tin* saw teeth. 

13. Saw teeth allowetj to gtd out of spice or shape. 

I k Too long a saw guide or fence, causing binding 

of the woo(\ 

15. l*npri>per p<\cking of tlie saw. 

16. Jlinding of the 'cirr.ber throrgh '^not beidg 
opene<l out ’ as it Jeaves tlie saw, cr other causes, 

17. Chips getting betw^eeii saw uhd packing pieces. 

18. Thrbu^h end play on th/* spindl(^ ^ 

10. Driving pulley ofi the saw s{)inflle btup^ of too 
small diameter, ror too naiVow.on face, causing slipping 
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of belt and consequent marking on* the wbo6, or run- 
ning driving belts at ifio short centres. 

20. JJsing a ‘ frozen ’ saw. 

21 . Saiva running at too fngli or too low speed. 

1. The tjjiinne% 5 ^ of tli^ at \^hich a. saw may 

be safely rni^fli^ends in a large measim? on tlie nature 
of the wood being cu^. and tfie sl^ill of the# operator in 
selecting tlu righ# shaped tooth, sharfeningtfind ‘ pack- 
ing’ thje saw properly, aftd keeping it in w^at may be 
termed scientific orden*. In America thieje gauge- 
‘ distorted ’ saws, run Vith guide pog*s,* but wRhout 
packing, have been the fashion, but, as tliis means 
loss of power and wood, they will, as wood becomes 
dearer, doubtless give way h\ favour of tliinner ones. 
In selecting a saw, what is required is one of a gauge 
not so tliiek as to waste unnecessarily power oi* 
wood, or so thin as to give .constant trouble* keep 
in <order. It must also b«‘ bornr* in miii^l that the 
thinner the gauge of tlie saw% the m*re teeth wiU 
be Inquired to allow of th^‘ saute* itmouiit o( feed; the 
power required will, ld)wever, be iiiereasedjn ratio. A 
thick saw^ can* be run at higher speed than a\!iin onef 
as it expands less rapidly from the cj^ntrilugal force set* 
up, and is lyss ]ik(‘iy to he^nune ‘ rim ’ f»r ‘ centre 
bouifd. - , 

2. Irregular setting is, si Wghtfitl c*iise of saws 
running froiif tlv^ lino and turning mit bad w^’k. Set- 
iu\g by rule oMhumb is fi stupid gnd wjistefuhplan ; 4n 
all cases a gaiiej^ |hoaVl he us<tc\ whether sprii\g* 
hammer, or spread setting be emttloyed. 'In working, 
it is £pund tlmt^he tdeth of*a.*sa\y wear at the side^t 
the points, and if soiq|e teeth ^lave more set tlian others, 
these are strained unduly, and rapidly worn away, and 
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from the soyere and nneveii friction are often heated, 
and are inclined to buckle and rdn from the livie. The 
operator, must exerciise hip judgment as to the amount 
of set required to ^uit different kinds or corditions of 
wood, as It is botti useless and wasteful tq give a saw 
more set than ft absolutely necessary. * Cjire must be 
taken that lioth sides of tile saw jire set alike ; should 
one be set ffiore tlian the other the te^Lth will, of course, 
lead or runffrom thu line. 

If fteeth of an improper form or un suited to the 
nature of the Hvood being cut are used, we need hardly 
say that a gredt amount of friction is set up ; in some 
cases the teeth are broken, and the result is in every 
way unsatisfactory. Teeth of almost any shape and in 
any condition cjin be driven through the wood by sheer 
force, but this is nvuigjing, not sawing. What is re- 
quired rf^e teeth of the correct shape for the nature of 
the wood sywii, and equal in pitch, space, bevel, gu^et, 
’l(mgth, and Sot. This list may appear a long one, but 
users will find that tiny r^^asonable amount of 4ime 
spent in ^ keeping saws in fine condition, and working 
‘them in a scientific manner, ft a very paying iitvostmcnt, 
the result being iwqre work of better quality, less wear 
and tear and expenditurr; of power. The question ot 
the sha[>o and cutting actio?i of saw teetli is a Scjou- 
ti|[c inatter^of much“impa’'tance to timber converters, 
J)ut it w<Thld reqniye many drawings aljd fnuch space to 
^discuss 'the {|ubjecl fully. ' We may sayi speal^iifg 
gonerally, that for tiutting soft w^ootl ^thc angles of the 
tpjAth shoufd be mWe or less acute, according to its 
softness, and those jbr*m*ediuni and , hard wooc^ more 
obtuse in ratio to the varying, densities of tiy? wood. 
It may be some tittle gqide to know that when a saw is 
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cutting ^ sweetly * it should produce extre^Sly minute 
chips like those from i mortise chisel, and not very fine 
sawduai:; df tl^ latter is mafje th^saw is scraping, not 
cutting. •Whatever teeth* are selected, Should they 
spring or t^emblS /in worlc, it may safely be eoQcluded 
that they ^i^«unsuitcd to the worlf in some way, 
possibly either too l^ifg or foo lipoked, ©r too thin a 
gauge.* 

4. Too ra{)id a feed* of the ti^iber is a*matter that 
can only be judged by the sawyer, and depenfls entirely/* 
on the nature and condition of the wood •bung cfit, th(^ 
kind of feed gear, and the condition of the saw. Of 
coarse no one would attempt to feed hard, frozen, or 
difiicult wood much more tlftin half as fast as soft, and 
some woods, such as cpcus, rosewood, &(*., at less than 
this. If the feed is too fast, the tjpiber will often rise 
up the back of the saw, and in somcf oases tli^ lawyer 
wiil get a gentle reminder by havi:;g it thrywn at him, 
or the saw w’ill become jammed and bfickled, or tli^ 
drifing belt thrown olf. iSwaged|’ or spread set teeth 
will stanfi a quicker f^ed than spring set. 

5. Aft immense vari('t)^ of opinions exist as to whal: 
is the propc'r way to sharpen a^^aw, almost ever> 
operator hayag ideas of hw own, good, bad, and in- 
diffA-ent, chicfiy the last^two; copsecjiiently wo find an 
immense quantity of badly and* impro^c’vly gliarp^ed 
saw^. We 8in>ft?lves thoroughly oglievo iii^iarpening 
wvth a machine with Vjucli then js no^diffici% 
in getting each tftoth o^ the san»aiike in its cutting 
angle, pitch andT clepth of gullet. * The <jjl’eat poi^to 
aim ^t, wlieiliei emery wlidels op files are used, is to 
sharpen each tooth sq that it will take its allotted share 
of work ; to effect this, the cutting afigles of the teeth 
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must, togeijigr with the set, be exactly uniform. It is 
impossible, however, to properly describe the operation 
of sharpening in wri!«ing without an elaljorate gystem 
of drawings. To keep all tno teeth uiuforrsi we can 
strongly recommend the use' of slieco steel standard 
templates of se\eral teeth; by moiint\ug*. these in a 
light, adjustable, radial arm, fixed on the sharpening 
stud, ^and made to bear flat against the saw plate at the 
periphery, tlje exact ghape and depth of the teeth can 
be obtained from the template ►by traversing the saw 
round by hand. 

G. A fruitful cause of saws buckling and running 
from the line is the insufliciency of throat space in the 
teeth; consequently the sawdust cannot escape fast 
enough, and becomes clogged. The teeth should also 
be all of equal length ; if not the longest teeth get the 
most woick, and the cutting power of the saw much 
lessened, '^lie length of the teeth should be regulated 
by the nature +)f the wood bidng sawn; for instance, 
for sawing sappy or abions Wjiods, long, sharp teethiare 
necessary, bu,t these must not be too long or tin y springs 
uud perhaps break in work. The authorjs of opinion 
that many of the s:^ws in use in Kurope carry too many 
teetl|, and he is in favour of the American system of 
using fewer teeth — if not carri(*d to ex<?ess — as ttijre 
throat sp»aco»Js given io tjif? clearance of the sawdust, 
and less piwor is required to drive. Tije ihroat space 
of saw teoth should ho varied i«ccordiiig to the depth ^of 
the wood being cuVa« it will; be se( n at a glance that 
teeth with a suflicient throat space to allow sawdust to 
escape freely in sawii^ 1*8 in. de»^p woyld, probablj he* 
come jammed in sawing doubh* that depyi. 

For gnlleting^ an emery wlu;el much to Ui pro- 
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ferred to a press ; the latter i8t\^^lsteflil ^nd apt* to 
spring the plate wher^ punching out deep f^tillets. If a 
saw is kept in good ortier, and the teeth are not allowed 
to get short ayfid stumpy, sef^ little gulletipg should be 
required at one time; in /act, the guDetingl)r ess should 
be conspicuous \fy its absence, and only be ilsed for 
retoothing brotcen sa^s. 

7. Jn hanging # saw care ^houjd T^e taken that it 
docs not fit ^00 tightly pn the saw spindles or hind the 
steady pin. A saw, when properlj^ hung, slionld, in the 
horizontal line, incline very slightly towards fhejimber, 
so that the teeth at the back o^ the saw may rise 
without scoring the wood. The saw should be perfectly 
in balance, that is, perfectly round ; if it has teeth of 
unequal length, size, or oluipe, it is not properly or 
scientifically balanced: 

8, A very common cjpuse Ibr Savvs running^ untrue 
is the heat conveyed from*the l)eiiriugs through the 
saw spindle to the eye of the saw, and nftny^lans to 

•get fid of this have been tried^ Jt arises, of co«rse, in 
the lirsl^ pluce from Jlhe*ljearingjf being out of order, 
!^crewed,up too tight, or from driving wiTh loo narrow 
a belt, whicti has to bt* straii^ed too tightly, or froiu 
running at too sliort centres, whit*t^also necessitates a 
tiglit belt ; \lius inulue ^stnnn and friction are ptit 
tfie Ixiarings and heat engendeyt^l. ^Indse defects can 
usually be^reipedied wifliout »iach •trouhlo. Many ^ 
»acHemes#for Ivceping yie^aw spifldle cool Jiave l^en 
tfied, including ^ne in jvdiu h it^is matle hollow, an^ a 
stream of wate» iillftweif ti> pass through ^it and escape 
at the collar on both sides/)t the saw, the centi^i^pgal 
forc^ distributftng it over ih# siii*faee oi the plate. To 
this ^iiidlc is fitted*a contrivance for relieving the saw 
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and allowing a liUle end play when necessary, and 
when the sa^ ^ is through the cut the end play is taken 
up automatically by means of a weighted lever and 
knuckle-joint arrangemen*}. For sawirg pitch pine 
and gumm} woods which clog the saw plate, this plan 
of lubricating with water should be decidedly useful, as 
it keeps the saw clean and cool, ai^d it may consequently 
be run with l*eB§ set. With the 8j.ine object in view 
the Author" has recently constructed a new form of 
ventilating bearing, through which a steatly current of 
air passed'; this has been tried, with very satisfactory 
results. A saw spindle has also been patented, in 
which the collars are arranged with a circular groove, 
and several rows of curved grooves extending to the 
periphery; when the spindle is in motion a current of 
air enters into the circular grooves iind escapes at the 
holes at the sides of each collar, thus acting somewhat 
after tfie ^fashion dV a fan, and keeping the saw spindle 
cool, ft is' needh‘ss to say especial care should be 
iriven to the matter of lubrication. Get an oil- with# 
plenty of grease in it, and add one part of finely 
powdered, plbinbago to three parts of oil, and, with 
properly constructed b -arings, little trouble should be 
experienced in k»*eprig them from heating. 

!>'. Bear in mind if the collar of a saw spindle is (^udy 
slightly out of trqMi, Ihis is multiplied considerably In 
a sffw of largS diameter. Aguiin, a seamy, pw spindle 
with a birof metaKorn np^is enough to throw a saw# 
Oiut, or if packing is 'used between the collars, and ht 
is rucked up or uneven, it will In.ve /he same result. 

are often .blame<l for cutting untrue, when the 
fault lies with the collars or pins.'* The side of the saw 
nearest the wood should be couLtantly* tried '^*ith a 
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Btraight-ed^e,*and should it be foiyi^ to J)uT<Je in t\io 
centre, it wilf probabi;^ arise from the saw fdflars being 
out of truth, or improperly concaved. The collars 
should be *car(j^illy tried wjt^ a stfaight- edge,, and any 
Inequalities or lumps removed. If il^e collar attached 
to the saw »pindle^that is, the one nearest th® wood 
- -is perfectly flat, hsi^e it removed and slightly con- 
caved, when the bulfe in the saw platti ^dll probably 
disappetir. Inequalities in the shav coilars fliay be®tem- 
porarily rem5:licd by introducing^one or •more paper 
or thin leather washers between theyi and#the saw* 
plate. If a saw should perinanenUy buckle or*bulge 
(weii slightly, from any cause, it should be at once 
liaminered, as by use the trouble will be iucrea.-cd, and 
be more ditticult to remedy.* A skilful sawder can toll 
bv trying a saw with his fingers when running 
whether it is byckled or oqt of even if it be only 

slight. 

• 10. This rests with the saw-inaker. /ll circular 
saws ^houltl he made of the finest (]u:ilit>f of steely coin- 
binfhg, as far as possible,#tougTiiniss with hartlness, be 
uniform Tn hMuper anil gauge, and bo grown^on a face 
plate, ft is iliiportant aUo that saw bo scientifically^ 
hammered, so that the tension or in is properly dis-* 
Iributed. ‘ W^heap ’ comi#on saA\.^ — in fact, all kiiuls 
of -woodcutting tools-~ai1i dear at aiy; price. No pro- 
fessioiial wi'rkman will be 4,rtyal5lL^l with ♦Iieiii, ani^io 
oppertuiiity*8h«nl<l be of wikininp; tlffi* ainatciii' 

against purehltsing infenip' ariiefes, wUieh wfll onlyl>f 
a source of trouble %.ul wxiition tfi liim as long aa 4ie 

continues to us<! tboin. ^ 

U. No. M aljo rents witl/the.saw-jnaker to a coii- 
sidcraWe exteflt, but^iot entirely, ast^e speed at which 
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fcfie saw^is run should determine the amhunt of distor- 
tion nece8t;?ry. Thus a saw may be hammered to run 
perfectly true at a slow rate of speed, say 6,000 ft. per 
minute, but if this “is quickened up t^y the scandard 
speed, sa} 9,000 ft. or 10,000 ft. per miniHe, it may 
become Vavy and pliant, and run"' out of truth. It 
therefore follows that, if saws , are to" be run at any 
unusual spefed, the sav-maker sli«»\ild be so informed, 
that? they may be distorted or hammered to a suitable 
tension, anil the te'asion uniformly distributed. If a 
saw is di.jtorted too much, either at the teeth or centre, 
it will, when subject to improper usage and the friction 
of sawing, become ‘ rim-bound * or ‘ dished ; ’ hence the 
iinportaiice of a perfectly adjusted saw to commence 
with, and the ab.surdity of expecting fine work from 
a cheap saw. It is, of course, '^appa lent that the rim 
of a circular saw irni8*fast(ir than the cye, and conse- 
quently heats arid expands faster. To overcome this 
unequal ex^ninsion, and allow the saw to expand equally 
and run true' when in work, additional heat is created 
in the centre by moans of ‘packing^ in this country, 
whilst ini Aftiorica the same end is attained by distort- 
ing the siw to a gn^iter extent when hammered by 
the maker. 

12, In sharpening sa\i^ t<ieth with a hook tn tJiein, 
such as is (nund. injihe different forms of gullet find 
bri'ir teeth, ('are niiwt be hrkeii that too much ‘ rake’ is 
jiot given to the tf'vdh, or they will he found to treTnblo 
in work, dig aiid'draw the woo<l', and run from the 
Ihie ; of coursi*, some wo(k 1^ will shind more rake on 
t|ip saw thau others. 

13. Allowing teeih tq get out of opace will, iifsome 
enses, make a saw rim untrue®, say, alternat!^ spaces 
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net wider tliap the others; the teetti* followhig thos« 
spaces ha^e more woil^^put upon them, anft "being set 
all one way — say, to the right — y?.ey naturally pull 
hardest *into vvood^ in direction, ccyisequently 
the saw runs to ihe right. Hence* the necessity of 
lo'eping all t^th uniform in spj^ce. Thil^ can 
readily be dSne by u|ing an adjustable ^sheet steel 
teinplat(;shnped t^tllfe teeth in sRarpening. ^ 

14<. The author is o^ opinion that a nbt by any 
means unusual cause of, a sawjamnung and Suckling is , 
the use of too long a saw^guide or fouce^so fliai^ the 
timber becomes crowded against it stud has not room 
to open out, A fence for rip saw shoiikl not, as a rule, 
project above three or four it^ches beyond the roots of 
the saw teeth unless very thin stutf is being sawn. 
For sawing deals *&c. ^ome makers now fit friction 
rollers in the fenf;es, arranged to fnv/Jfcj slighilyjb^ond 
the lace of the plate. 

15. The pr()])er ‘ packing* of a saw, unless of very 
thick^Jluge, is a matter of param^ui^c importance in its 
effective \^orkIng. Th^ object of ^racking, in addition 
to supporting and lubricating the saw, is to allow it to 
expand equally from the Motion oi’ lieat created by the 
packing rubbing against it. •To ins^lijpe this it is very 
necessary that, the saw is^ paclced evenly and equaTly^ 
The* plan generally pursued in thjg*co<wdiy is to screw 
pieces of wooj t(^the finger-plat<*, t-nd b^lo\^he 
taible*on e’Uier siclo of the,sa*v, the ^^)od being^rebate<J 
to dllow the hemp* gaskeJ,*or other ♦ibtous material, 
charged with groaw^?, lo be* packed in tight^)^ on either 
side. There are a right way jmd a wrong ^^»ay of doiifg 
even Itiis simple ^operation, and cift’e should be taken 
that th8*packing is pitt in e\*enly, and Jbeavs uniformly 
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and withljul nndu4 pressure on both sraei of the front 
half of the saw. However, in jfi-eferonce to, the abore 
we eaii strongly retvmiaend the followipg- siwpje plan 
Tate eithev two pieces ot fioop iron strips o£ hard 
woody)f the lerigfti of the saw frcil* the teeth to the 
eye, and of a width that will reach not^ quite flush with 
the top of the. table ; Jtheil take' some flax or rope yarn 
and* lap it < evenly round the strips tnom end to end till 
they are imide thic^ enough vo fill the . packing space 
and bea^ evenly and not tightly against the whole front 
half ‘of the saw plate up to the Spindle. 

Instead of packing the back half of the saw, ns 
some do, take two small discs of leather and attach them 
to the wooden packing pieces which are fitted to the 
frame of the bench, so that they bear on either side of 
the saw at the hack and near the rim or roots of the 
teeth, and so shvitly an(\,guide it. It'^s a mistake to 
use much^oil in the packing, as this is wasteful ,and 
unnecessary.. The above will, we think, be found a 
decitled improvement c ver the plan generally pursued— 
of ramming down packing on vdther side of the saw, 
as this 18, at the best, uncertain, as should tke packing 
be tighter at on^ point than another, or should it be 
lumpy, the friction on tip* saw plate is uneven, and it 
'‘will often cause it to run ‘ wavy ’ and out of truth. 

10 . In gsawfiig vooljyj- fibred and difficult limbt'r 
special iiwjans should bt? taken to op(^ them out as they 
leave tli3 saw.^ Thesis usually don^' by.theltiwyer with 
jvedges driven into the kerf by kand : this is often 
neglected, thereby •causing many A* saw to jamb and 
Cuckle. To ofiviate this,* the ufe of a^reyolving opening 
wedge can he recommcifdcd ; this shoyld be pxed im- 
mediately behind and in** the^ same line as tlie saw. 
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The wedge sheuld be made preferably of st^e]J circular 
in form, and say balfan*incli thick at its centre, tapered 
down t< ;ll bluni edge at ils circumftft'eiice, its diameter 
being reg *V^tecr by the* size of* the saw. It han either 
be arranged to prdj^t through the face of the* banch, 
or be mount^df^in centres at the end of a lever, and 
suspended behind the^’iw. The \yedge as it enters the 
cut is rcwolved b3’»thc friction of the*wo0djand tims 
relieves the sawv from a Vonsiderable iimomit of side 
friction. Instead *of a revolving weilge^ a fix^d steel 
spreading-knife or wedg? ^*an be employed J in any*case 
something of the kind is certainly to be recommended, 
as it tends to relievo the saw considerably, and is always 
there when wanted, 

18 . End play the saw s[>indle should be pre- 
vented; this can be done bjr mean^ of an adjustable 
lock-nut. 

M). The use of driving pulioys too ^small in 
diameter and too narrow on the face is a l>uilful cj^use 
of*saw \)uckling, 011 accounj} of the heat set up in the 
bearings thi’uugh the ifte of narrow belts, whijjh have 
to be straiifed eaccessively t^ht to drive ; consequently, 
the undue pressure and friction on tji#i bearings cause 
excessive heat which is con ve3ied thiougb the spindle 
to th^iaw plate. At the same time tjie belts^ themselves 
very much more rapidly deteiiorail^. ^ 'V^idefiingle 
are to^ be prof^rr^Tl to narrow doubl<i ones. Ame- 
rican practfce i^ie ^^ulleyS ^lor driving ^LurcuMr saws 
are made somewhat larger 61 dianietth and much wider^ 
on the face than they are here ; coiisequ^ntly, the ^c 
of contyict, gri^o^the Wdt, aifd*driying power are in- 
creased tyid the siip largely reduced. 

Although wo are awiU’e that^lln'y a^ considerably 
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wider thftn 'most of those in use here, it jmay he taken 
as a good and safe rule that j»ulleys on sa^ benches 
carrying saws up <is> say 4 ft. diameter should have 
driving pyMeys wide enoiigh to carry betlis of a width of 
one-f 9 ur.th the diameter of the siiw^.and for saws above 
4 ft. in diameter a belt of one-tliird th^ diameter of the 
saw may be. used with ad^antago. Any tiling extra in 
the<cost of inilleys or belts is rapidly repaid by an in- 
crease of work of^better quality than paii possibly be 
obtainofj with narrow belts;, at the same time the 
beaKngs and- bolts themselves tast longer. With wide 
belts the nctfessily of using ‘quack’ remedies for in- 
creasing the grip, which often datnages the belt, is 
done away with ; it is necessary, however, to keep the 
belts pliant, and this can be done by an occasional 
dressing of mid ton fat and beeswax in e(|ual parts. 
Casthrooil is nut by* a^iy* means a *bad dressing for 
leather, i^nd it renders it vermin-proof. Tn driving 
saw benches, in fact all wood-working machines, run- 
ning belts at shorb centres must bt* avoided, ascitis bad 
in ever^ rq«ipect, and greatly irxrcasi's the .troubles of 
hot bearings, torn belts &c. above allude<l t<i„ 

20. English ^users of circular saws may possibly 
aipile at the ideSl of a ‘ jiVozen ’ saw, as we are not as a 
rule blessed with very cold vveather in tfiis country, but 
even a uiviierfce amoijnt of frost has a' very distinct 
^ect i« many caVs on the workiv^ circular saws,* 
'especiidly should tl^ey beV)f ihin gang^. in cold cown- 
, tries, or in very«cold weaiher, Uie effect is so great 
from the •contractrion of the plft.te*flt its smallest part? 
i.e. the eye, tfiat the saw will [afcome rim bound,’ and 
not turn true till the ft*ost has l)e*^i j^aken out*of it by 
friction, or by#i dose of hot water. 
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21. The question of speed is a •factor t>f«immen5e 
iiiiportaiKie in the proiper working of cirSular saws; 
should the^ be^run either too fast too slow the result 
is equally ^ur.^tisfactory. •Tfi the first ca«e \he saw 
becomes pliant ancl wavy, and in flu? latter Jhe work 
turned t>ut ia of^bacl quality and less of it. For ripping 
all ordinary kinds of •wood* a s^eed oi^ 9,000 ft. per 
minute <it the points of the teeth is no\% genejally 
recognised as*a standard speed in this country. This 
can, however, in the case of cross cutting, be increased i 
with advantage anothei* 1,000 ft. per inihute. In^saw- 
ing^very hard woods the speed of fhe saw should be 
somewhat reduced, say about one-fourth. By using 
thicl^ gauge saws, and therefore wasting wood and 
power, higher speeds than these may be attained. 

We will conclu(fe ourVemarkson workingsaw benches 
with a few gentft hints (somejof thes%niay noUb# new, 
but^we take it they will bear repetiti.ai in some establish- 
ments we wot of). If a saw bench is used/or smMl and* 
larg(^sWs, occasionally the lattoi’ will run untrue, *from 
going at too high a sp^d. For quick roi:\gh sawing a 
swaged seit tugth has much to commend it, Ispecially* 
with tough and difficult woods and l^rge saws, as they 
are much less liable to be strained iflian if set with^ a 
blovy w spring set. In sa^wing difficult woods they art 
liable to spring away from thq saw cdlisidVably in the 
centre of th^ lo^; consequently tJie boardswsawn ^re ' 
thicker at hach^eiK^. Toobfiate tjys, instead q£ sawing* 
in the usual way all fro^ one si(te, a cut should l^e 
taken alternately each side of the log ; this will 
keep the boards ^iiiforpi. Skotild a saw crack in woik- 
ing, to ^prevent* a *8hort crackT from extending, drill a 
small hole at the end o^it. 
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For ripjjfing pilrposes most of the fiUng or saw 
sharpening should be done on the face or front of the 
teeth ; • the backs ort'^.ops should be scarcely .touched at 
all. The face of, the tooihi • should nev^r bcj filed to s 
•fine edge, but d very slight bevel. should be left. A 
round guile ted tooth is less liable to cr^cl: than one filed 
to an angle.. In gulleting'^with Amevy wheels work with 
a light pressure ® and if necessary go over the teeth 
several tim^^s; if the wheel is 'forced aiid^the saw plate 
burnt itj is much more liable* to fracture. In filing 
teetlffor swage setting make t^em sufliciently hooked 
at the points that the swage will readily spread them, 
also be sure that the points of all the teeth are wider 
than the rest of the blade p the tops and backs of swage- 
set teeth should be filed square across. In bending or 
spring setting always use a gauge ; in setting saws with 
a blow er spring ««et, car^ should be taken that the teeth 
only are sqt say about one-third of their depth, and .that 
the plate itself is not strained, or it will be found to 
heat rapidly when in work and run out of truth.^ ^ 

In. filing saws, file every alternate tooth*' from one 
side of the saw, then reverse it, and tile from* the other 
side ; never file all the teeth from one side of the saw, 
aud^ if it is spring set, set after the same fashion. If 
*in working the saw heats at the rim, and the teeth are 
of the righb-'shapo forth*' wood and properly sharpened 
an^ set, k.ing or line the saw to leach vevy slightly out 
df the wood. Jf thc^-saw sliould heat the/ cenjtre aftd 
the spindle and liearings are’ cool jHid in proper order,* 
reverse the^bove afid let the saw^lcilcl into the wood a 
little. 

For thin sawing, such as light" box wor!^, frame 
backings, &c., ground-ofi' ’ ^w can be recommended 
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to effect a considerable saving in wotd, and,® if 
carefully«sharpeiied aitd handled, will do v^ry excellent 
work. 

Tor ^ery accurate cflrilension sawing, *80011 as 
pat Lorn-work, saw ‘ ground hblfow ’ onliotli sides 

ami wi^eijt set can be used with •advantage, as it 
will cut extremely tj^ue and*leavc a fine^ujface. 

If timber carriages and rails are nsed ^r bringing 
the wood uj[)%to and tjiking it from the s^w, it is im- 
portant that thej' be fixed to rnn exactly true with it^ 
Should the wood be pifesented to the sdw even atta very 
slight angle, this is multiplied to a considerable extent 
in a long log, and, if the cut bo once commenced, a very 
considerable leverage must be put upon the Miw to keep 
it anything nour ^he line. 

When having saws hammered be sure they are^ 
placed in competent hands; ^c*liave ijieen saws^l^t have 
boen hammered by so-called experts that might have 
been better done by a blacksmith’s strikgrf 

^or guarding circular saws anfipreventing accidents 
we can recommend tlife following arrangeipent : Make a 
shield (ff sheet steel formed as an arc of a 8 ircle, anj 
against the saw ; the shield ris& bgfore it and rests oi> 
the top of it^till the cut is cfynpleted? when the counter- 
p(ji^ brings it back to its original position. It is im- 
portant that the driving pyw^rHie uiflfori^ in its speed; 
if ijiere is iflucjf variation, the quality oT the* wofFWiH 
v^ry acc<frdiii|fly. 
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CHAPTER XLIV. 

I < 

NOTES ON SAW SETTlifo. 

<■ 

' In very few things is there more dillhrenco of opinion 
than in sharpening and setting ‘"saws. On the present 
occasion we propose to discuss briefly the different 
methods of setting, noticing some of the advantages 
and disadvantages of each* method. 

Swage Setting ,. — Swage setting — pilled also ‘ upset- 
ting,’ ‘jumping, ’and ‘ spreading ’ — is more largely prac- 
tised ki America tfian in t)iis country. In this case clear- 
ance is obtained for the saw by widenitig the pointe of 
ithe tee*th, usually by means of a crotch puncli arranged 
with Wo V notches, « wkicli are driven on to the points 
of the teeth by a hammer or’ weight. The second 
Motch in* the punch is rounded, and spreads^the teeth 
• points out. We t^hint this plan, especially for circular 
sayvs of stout gauge*, haa’much to eoiniijend it, more 
Especially if the wo(m1 is er«t?;s-grained and knotty, as 
swaged teeth* wilf stawl up to the work, while spring- 
set *teeth*!i/e apt to^doflge the knots, •^^wslged-sot ^eeth 
Will also ftand ^ quitijker feed t*han spring -setj all thiygs 
t^ing equal ; they, however, fake ufore power to drive 
— probably about 2(.tper cent. — and ‘unless the setting 
is carefully done ridge ffiavks arii left pn*tlie log.^ We 
think swage setting is, on* the wljole, more ailap^ed for 
soft than hard wood. 
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It is t3laiii^d by tlie users of sv^ge-sei? teeth thl.t 
swaging condenses jik^ hardens the steel jft the points 
of the teeth; but if this is so, wit||»saw's correctly tem- 
pered it w^oul^ we lake it,*bl likely to be detftmental, 
and cause the points to crumble* •Another trouble 
found iii swa^^setting is the diflieulty*of getting per- 
fect uniformity of set| witlfout which po. saw can be 
proTiouifcced to be in Srst-rate cuftiiig condition. Syage 
setting does ni)t sharpen* the teeth of the sjlw, as some 
may suppose. 

When a saw is set t)r spread by mda^s of a punch 
and a blow from a hammer, care should, be taken that 
the points of the teeth only are spread, and that the 
tooth itself is not bent or strained, and that the blow 
given and the hammer used are not too heavy. The 
teeth should be carefulfy tried with a straight-edge on 
both sides and points, and*be^eiacl1y,in line. Jn^wage 
•setting, should a tr)oth point be broken by striking a 
nail, it can be lengthened slightly by raispng the' puncli^ 
or s^ifge when in the act of selifing the tooth, aifd the 
point of tlie tooth willJae upraised,*and, if pot too much 
broken, will tiike its share of duty with the r^t.* 

To ‘ spread ’ set all tile teeth* as^nearly as possible 
alike with a ^crotch punch, is uc^ssary to regulate 
to a fiicety the weight or .strength of the blow given 
the hammer. In Amorica^a^tof4*lr.i!k be^i introduced 
to do this m^diatucally. It consists, hrillly^n inSBift- 
flig the cit)tcli#puych on* tlfb eiulj^^ a tube o^rod, and 
arranging a series of iftovablo uKogbts, witb holeS 
through them t8*slfde up and dewii the Tod. These 
weights are alloyed t^ drop cit the punch;ihe streffgth 

' 8e€0Saw MUU* their Jkfrrangcfi^ht and Mana^/cment. By M. Powis 
Bale. 
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0 ^ the blow being regulated according to the gunge of 
the saw and the amount of set required. For saws of 
large diameter and thick gauge spread set can be re- 
commended, as it is very di^cult to spr'ng set or bend 
the teeth of a tlr'cL saw with regularity. 

Spring Setting . — This is perhaps the niost general 
kind of setting, and if regularly and carefully done, 
answers very well ; the teeth, ho\Vever, have a constant 
tenclency to assume their original position. Saw teeth 
should not, under any circumstances, be set without a 
gaugf, as it js a wasteful and stupid plan, producing 
rougJi work, and more rapidly wearing out the teeth 
which happen to be overset. In practice it will be found 
that a s iw perfectly set^ will work much freer, cut 
smoother, and, at the same time, will waste less wqod 
than an imperfectly set one ; L‘ss sut is also required 
on a^truly and equally set saw to eTect the desired 
clearance. ‘ , 

.Several good mechanical saw sets, combined with 
gauges, «ar(f now made^and so arranged thatwl^n thoy 
are fixed to any desired set It is impossible to overset a 
tooth ; consequently, the teeth are all set c*xi\ctly alike, 
and if they are equal in length, tsach too\h gets its fair 
share of work, friction of working and waste of 
.:v6ikI being reduced to a minimum. In working, it is 
found that the ^eetl|,of a saw wear at the side of* the 
anid if some teeth nave ni(n*c^ set than others, 
these are unduly straimnl, and, from the severe aud 
uneven friction, are** often heated, and "are inclined to 
buckle and /nil fro ni the line. I:i a ing spring set, it 
is f.ecessaiy to eoinewhat qverset the saw, to compensate 
for the tendency of the teeth, especially when worn or 
dull, to soring back to thtlr original position. 
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Uav^'recently SHen a very selit fomn, of Amwi- 
>an^t)ol/or sprin^;^ setting by means of a>im-lever, by 
vliich a very even set may be ob^ined without unduly 
draining th^saw teeth. tThe operator stands behind 
ihe saw, apd th« set is attached todlw teeth by placing 
i bed die dj;i j;he point of the tooth to J)c set so that the 
point will project beyond the die about one-sixteenth 
3f an i^eh ; the c^m-lever is thed broijght down to a stop 
311 the cam, at the same,tiine bending the teeth towards 
bhe latter. A fgui'-point gauge i5 fitted to the levei^ 
md it can be adjustec^ to any amount of, set 'desired by 
mfeans of a thumbscrew. It is claiihed p an advantage 
of this arrangement that the bending power is exercised 
on tho tooth between twe^ bed bearings, ?>o that the 
operator has only to bear down on the earn -lever, and 
the more power tie apidies the tight ^^r ho fastens the^i 
set to the saw, •and at the*sam« tiifie^bhe be in^is^a curve 
and not an angle, and that, f hero fore, the saw teeth are 
less liable to fracture. 

a saw is allowed to get^dujl it will sprii/g from 
the wor^k, and increa^d power wHl be required to force 
it through the w^ood. 

Hammer Setting , — The thirfl system of setting we 
have to notice is hammer «etiin^%The old-fashioned 
wa}^ of doiiTg this was^witli a puiiclf and a bldScWif 
wood, and a very brutal ii^^vas, asnt strained the 
saw plate, ajid sometimes trok e llie teeth tlW%iffr!?f 
iii^e it was ijjipossiblc to get the f.^cth to oje unif(ir1n 
set, consequently, tho Jituiber w^.. scorod and mu6h 
power consume ^innoeessarily. 11 garefully and- 
judiciously done, hauimer-s^^ti saws \n^ 11 stand u{f well 
to Choir work.* •The best»plaif with which we are 
acquainted is to moiTnt th# saw horijontally on a coni- 
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cal centre allo^^’ the teeth to rest on an adjustable 
steel die made with a bevelled ed^e turned eccentric, so 
as to allow of the ri^ht proportion of set for teeth of 
various feizcs. With tliit' Airrangement- any desired 
amount of nniforhi set can be given to the teeth without 
unduly straining them or the saw plate' Hammer 
setting is a fair test as to ^the qjuality of the saw, as 
the teeth may crack or fracture if the steel It burnt 
or of too hard a temper, or bond readily too soft. 

In conclusion, it must be borne in mind that, 
whatever kind of setting is emphSyed, for successful and 
economical wo»*king ahiiohite uniformity is imperatively 
necessary. Tf this is not secured, the work turned out 
is of inferior quality, and r^ood and power are wasted. 
It should also bo remembered that setting does not 
increase the cutting power of a saw, as a saw will 
cut fa*U'r with .Uftle or no set provided the nature 
of the wood will allow it to pass through with()ut* 
binding. The amount of set required, therefore, 
should be carefully jedged by the sawyer, atiej, no 
more set eiuj>loyed than is absohitely necessary. For 
instance, In sawing wet wood a sharp saw acid a fair 
amount of set are re’quired, whilst for hard, knotty 
wood very little sdt should'be used. 



CHAPTER XLV* 

NOTES ON ^TIOKINU HIGK-CLJSS MOuCdinOS. 

We think it will be generally admitted tllat the ptoduc- 
tion of really liigli-class mouldings —that require little 
or no hand-finishing — is the exception and not the rule. 
This arises from a variet/of circumstances, such as 
(1) bad wood, (2)«|)oor\y constructed machines, (3) bad 
adjustment of, cutters, (;!<) impr^q^^r speed, (5) in- 
sufficient foundations, &c. 

* (1) Tt goes wiiliout saying that high-claj}S mouldings 
•cannqt be produced without good mattrial ; we need 
only remark, therefore, that t*ho Vood should be tho- 
roughly sound and wSl-seasoned. 

(2) 'the (•oust met ion, of the inachinc is also a voi^ 
important factor, and it may nol^iie out of place to 
extend our i^emarks thereon^to some lepgth. Th^i,wo 
chisses of machines ^nerally ,us^d — not including 
vertical spindle or shapinf ftiacliyies — aise : j[l) ^entre^ 
•feed marlines,* (2) overhan^ing-spigidle machines. For 
If^ht purposes, (Teerhanging-spifsille wachiiles are ex- 
tremely handy,an(t ussful, but •for large and high- 
class work, centre-feed machines ar^ to* be preffirred* 
ands our reiftafl^ oit constmetiqn will therefore refer 
chief^ to thif class.# 



398 woqix WORKING * MACHINERY, 

(Jo7istruciini, of Centrefeed Moulding and Tlamng 
Machine, 

After a lengthened experience, it hLS been found 
that the box or solid framing is the best form to 
adopt ibr the main frame of the machine^ The reason 
for this is not far to seek, as in ^noulding and planing 
wood very Jiigh .speeds are necessq^y, and various 
strains are sot and to absorb these and their con- 
sequent vibrations a considercible \”eight of metal 
is ne^jessiiry, and this metal ia much more effective 
when in the fprm of a single casting than when put 
together in sections. Box- framing is slightly higher in 
first cost, but this is more Jhaii counterbalanced by its 
increased strength and resistance to stress, by economy 
*of material in ratio to strength, and by its greater 
neatne.ss of design^ ’ Th«? cutter spindles should be sup- 
ported by bearings of ample art‘a, and these should, ^as 
far as possible, be made adjnstalde for wear and end play, 
more especially the b^nirings, which are subjt^ct to* 
considerable btdt t<?nsion. Toe Q^iostion of lubrication 
ipust be carefully attended to, and the beariiigsiguarded 
from dust. 

To se cure a coi. ifant and even feed, and ]>reventthe 
si pping of the wood, it is important that all the feed 
geanng be e..panoively geared up together. If tlie 
’>utl'^v/llets an, geared separately, the wo'^d is apt to 
slip, particularly if uiificult io work. In the best efasfi^ 
of machines, the intermediate pinions are made of steel 
.or ‘ gun-metal. As a sufficiently lojjg belt may be 
obtahicd, and as, at the seme tiirn?, it economises spaci?, 
it has bemi found conveniuit to jilace the countjrsnaft 
working the feed gear wilhin the framing ot the 
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inachii^. TBia should be fitted jiyBth fpur-speed^ 
cones, so as to giv^^ vay ing speeds of feed say, from 
10 ft. to 60 ft. per minute. The countershaft working 
the cutter 'apiriSlle should bg^lacecf, say, 15 ft. away at 
least, as funning belts at short ceiit];ps is to be con- 
demned frolji ^everj' point of view. The cutlei»-tlock 
and^spindlo Should be made^of steel, as they are thus 
stiffer i^ work and An be made»of 8om^\vliat smaller 
section than with wrought iron. The cutteSs should be 
fastened to the blpcks by dove-tail-lfeaded bblts, sliding 
in suitable grooves. Tiliese should be. n adc^ of best 
Swedish iron, and be very carefuily fitted. T^rons 
should never be fastened by means of stu(ls tapped into 
the blocks, as the method is both dangerons^ and rn- 
certnin. 

A very considerable* difterence of opinion seems to 
exist amongst wiakers as •to ti)io l*e.st position in the 
jnachine in which to place thff ver^icitl spindles or side 
cutl;ers ; some fit them at the end of the /naclpne, to 
act ou%the wood after it has passed tlui and bottom' 
cuttets ; pthers put them in the*centre of the machine, 
between Jhese cutters. The writer is in ft.vc|ir of the 
latter plan, a*8 the woo(> is thf^ii diiecily under the 
action of the holding-down i\i)p:irat#i^ and there is less 
liabH^ty of it^ jarring when \fiidor the operation of*ttjf 
ciirters. The. plan of placing tin* \^rtic9.1 spindles at 
the end of machine readers tliem rjither^nqii^afi^ 
^^sslble Coj; adjustment ; Inii, in all rises, hofding-dovvu 
or^pressure ai?J)ariftus should be flt t d ^lose fip to aU 
the blocks. 

It is of the utmost importance tfiak the cuiters 
, sliouW bed wBll on ijui block, and, to secure 

this, lifTives ar^ madr some^injes very slightly concave 
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from thb cutting^ to the back edge, so t! at wtan the 
nuts are tig^ftened they spring slightly, arid bear oh the 
whole surface of the block alike. Cutters made slightly 
thicker at the back than at the cuttin(j edge are pre- 
ferred, as they are less likely to slip forward from the 
high speed and centrifugal force sei up. Jt is impor- 
tant that the iriiii round the slot holes l*e'true,aiid uhat 
all the hollows and smithing mai!:s be ground out, so 
that the nuts and washers have a pcAoctly true bed to 
rest on. 

But, given all this, and a good and true block, we 
some'umes find irons fiyiiig, and shifting on their seats. 
This may arise from the bolts not Uung tightened 
enough, or from being tightened too imieh, this latter 
being a very fruitful ca\ise. In order to secure the 
bolts, as he thinks properly, an, inexperienced or care- 
less workman is apt to use a powerful wrench, with 
sometimes a pip^ at the end of it, to tighten them up^ 
— the thread of the bolt consequently becomes damaged, 
the pitch being strebdied and bulged and mad^ 
coarser. One uf the reason why there is somoti.nes a 
difficulty^ in bedding the nuts, Ts that the tllreads are 
often allowed to get dry and filled with grit. Irons 
may b<3 preveiite‘1 from slipping by brflding them on 
several thicknesses of bro.vn paper or thin leather. 

In machines whqre movable blocks are employe,d, it 
qf/^be utmost impdrtaric^ that the spindle holes are 
perfectly true and fit the spindle tighf, and are exactly 
n'lirallel with th3 cuKit face : 'this ih noC altogether 
easy matter with long block i, as^tliev are apt to get 
slightly oval. When the cutter-block is revolving at a 
high speed, this will allo^w it i(> sp^i Jg sufficienikly to 
damage the output, and., is one of the cjfoses of 
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inefficfcnt ^^rking very difiRcult»&) dateit. Light 
blocks require balfinci^}^ as much as heavy*® *[f movable 
blocks are used, they should in 2 ^ cases he planed by 
the inalcers a (id V boin^ fix^dfOn their spindies.* 


Makf^'^mnd Tcmperimj Moiddifttj [rom. 

It peed hardjy t)e said the*steei used^fur cutters 
should be of J:he very bighcst possible quality, com- 
bining in its natpre, as far as maj^be, toughness with 
hardness. It must be j^lmitted that there is a*cor^ider- 
able amount of art in forging and •tcmj)ering cutters 
successfully, as, owing to the varying amount of carbon 
contained in different sampjps of steel, the arnounti of 
tempering varies accordingly, and the exact temper 
necessary can onl^^e ascertained by one or more trials ; 
the folly, therefere, of treatingtill kinds of stge^alike, 
which is sometimes done b/ tho workman, is at once 
apparent, ft may be taken as a rule rfvat if it is^ 
secessary to heat the steel so hot that when ^it is 
ann^ledjt appears cojji’Si^ in the grain than tlie piece 
from whiph it was cut, it may safely be coneltded that, 
it is of too low a temper •for the •required work, and a 
steel of a higher temper shauld bef V^lected. A steel 
cuttqi*, when I)roperly tempered and suited to the 
in 1*and, shoidd always be of a^piie# grain than the 
piece from wjiich it was cuft 

« Mouidyig irbiis inay^ b(ji rofigln.^! out an^ groun^l* 
doVii to some!thin^ near^4iie siz^jjy flioans ot smalk 
profile grindstone^^or# enieVy wheels, and w^en filed fo 
the exact profile and tempered, before wsing, a cutj^ing 
edge should be pTii on^thein mCiins of a slip of Tur- 
key oi^other good oi^stonef ^When the irons are of 
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sfiTiple foflful, to avoid softening and reh>A’deni6g, tbe 
jsteel may "bfe^^ground to the shape by the serie/? of small 
grindstones spokent,of, the peripheries of which are 
turned up to suit the round!* and hollov^^of the mould- 
ings. We haveVouiid*Bilstori grindstones answer very 

well. * 

With the, Qbject of prerentiivg^the constant change 
of profile ^heii ‘ sharpening moulding irons# of the 
ordinary construction, in wkich the profile of the 
moulding is formed on the edge of* the steel, and a 
beveV ground backwards from U, some makers mill the 
form of the nv^uliTing into the face of tlu3 cutter itselt, 
as if shari>eiied to the proper bevel ; it thus always 
retains its true form. This form of [)rofile may 
secured feu* vertical spindles, no matter how badly the 
cutters are sharpened, by using sofi’d circular cutters. 
Thesft v.re madtj Iron! onl* piece of sieid, in form 
something like a deep saucer. The periphery of tin* 
steel ?s sha[*|'d to the profile of the desired moulding, 
and has several openings which are sharpened towards 
the centre, jiiid present iis hiapy cutting edge's to the 
wood. 

Tn forging (»r tem[)ering ihoulding irons it is im[K)r- 
tant that they slVnild hi‘Jn'atetl as evenly as [possible, 
if one part of*the 4‘utter is thinner than the other, can* 
must he tajjen that'tki* Uiin i^art dt)cs not heat more 
Irai^ny tlvni* the rest, or ii^’inay be ‘ hurvt,’ and break 
>.tt* at t^Jie cutting ^ydge UiiL^st in wor^^ hetitiiig 
'cutters for tern peri eg, they fibuiild be repeatedly turned 
over in the* fire, am-’ withdrawn froiif it now and then. 
If Ihe cutthig VdgH is he.*iting too raindly, it should be 
pushed througli the’ fir(3 •Into cooh'r ^oais. If th^re are 
a number of njenibers- in the 'Vime mould in §, great 
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care ftioulcUbe exercised in tempting tb*bn!l as nearly 
alike as possible, on* they will vary in ^ear, and the 
profile^ of the moulding be altei^ accordingly. It is 
important in tempering tHai there should ^e*a gradual 
Blinding of coloitr^ If there is a Si^fcinet lir\je between 
bh^‘ colourijioyards the edge of the cotter it will pro- 
bably chip at this 1^. The point to aim at is to have 
the edge of the gutter tolerably laird*, and this ha^^ness 
bo be gradually reduced the farther you »go fronx the 
cutting-edge, and the •softer metal at the back will be 
found to strengthen atid support it. 

The process of tempering should be gradual, as the 
steel becomes toughened and less liable to fracture by 
slow heating and gradual s#ftening than if the process 
be performed abruptlJ^ When the propei heat has 
been reached, the tool should be re.noved from the fire 
and not allowed to ‘ soak *'wy:lf the hJast-off, k some- 
tiipos done. Beir in mind, in forging,^ welding, or 
tempering steel tools, that an excess of beat over wha4 
is jj^Solute^y necessary is detrimental, as it opens and 
makes the grain of tli« st^el coai>e. If aJ>oi^h temper 
is r(?quiri;d, ^ic cooling, or letting down, should be aftj 
slow as possible. The nght teihpef colour varies with 
the steel and the hardness fjgqairedJ^ 'reinpleton gives 
tlie • following degrees. of heatj Clnppiiig chiseTs, 
pla*iiug irons, hatchets, an^dmther^jJercusifcivo toc ^ 
deg. to 520 de^., light straw colour, a* bi«>wn^lo^ 
t)^ yello\f slightly tiiigcnl ’vfitli iwi’ple^ 530 #eg., lig^^t 
purple. As the icolours* appear •and change slowjy, 
ample time is aftdrdM to see wheft the cutter should be* 
at once dipppd^and i|^itbdr{t\>rn geveral times ; as this 
has ^ greater^teiidency to tdiighen the steel than if it 
is plunged into the w^ter imd allow^ to remain until 



404 WOOD^WORKim^ AfA Cf/INE/^^V, 

qu^te cold; A nunAer of more or less reliable mktures 

are used for ^.empering. We haw3 found the following 

answer very well : Xake 4 parts of powdered yellow 

rosin, and 3^ parts of train <oiC, and carefklly mix them, 

and add one part'of ’ heated tallow. The object to be 

hardened is dippe<l in this hot, and allowed to remain 

in it till quite <y>ld. WithoTit bavjng previously cleaned 

it, the steel is again put into the hre^-and then, cooled 

in boiled wdter in the usual way, 

% 

Hpeed of C utters. 

In turning out high-class mouldings, fho quostion 
of the speed of cutters is of great moment ; exigencies 
of space prevent us here "going into the question at 
length. In a thoroughly well co.ustructed and equipped 
machine, a speed of 4,000 revolutions ,ner minute may 
be taken as a standard. 

Balanriwf the Cufttrs, 

Another matter 'of tlu' 'extreim'.st importance in 
'securing highly Hnished mouldings is the ejtnri halanc- 
ing of the cutters. Tviese should not only be of the 
same exact weiglrldnd overhang, but all cutters must 
W' mirde to agree in their corresponding mtunbrn’s to 
the greatest possible* ,iucety. Tin* importaiico of '‘this 
readily re(a»gnised \vhen we coushlcr tlie high 
Velocity at which ilyy bate to run ; consequently' any 
hiequality is oiioriqpusly mtfUiplied by the centrifugal 
force set up, the result being trtfnsffjrred to the wood 
in the shape* of Jars amUmarkings. When new cutters 
are put on, they sbduld be put exadiy in balaud^ and 
kept so. In working ekboraie mouldings, it is difficult 
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to j£e(^ uot^ irons alike, and one pjifn oft^n^nrsue^by 
the operator ^is to u;|e an iron for each diehiber of the 
mouldmg, and to balance the i|jons with beams and 
scales ; iuid \#hen the iroi^ projects, say jn.f to put on 
a rectangular washer. In worMnj^ v(?rfical spindle 
maclmies, Js(ime Operators will use one iron oifly, with 
a blank on^he other^side (rf the block to balance. 

A% already^ mentioned, iif accjurately balancing 
cutters, not pnly shouUi their specific weights agree — 
which is a matter of ^^ttle difficulty, as it*can be deter-* 
mined with a commoft pair of scales— ^but the y^eights 
of the cutters should agree in their Corresponding parts. 
This cannot be ascertained accurately without the aid 
of a proportional cutter bajancing machine^ and several 
of these have now been introduced with v^'ry satisfac- 
tory results. Ilf the best of these Uiachines the cutterii 
can be tried oho against unotiiei 4n every po^jition, and 
i^any excess of weight appears in any of them at any 
point in the backs, fronts, or edges, it ea^ be •detected 
and Remedied. 

rivi’iuj^beMs, 

All driving-pulleys* should* be of ample width for 
the powpr tliey have to trj^ismit* without straining the 
l^eft, and, therefore, cutting out the*bearings. 'Wide 
single belts are preferable < 0 * dCubl^^ and the best 
leath^'r fo^ot^r material, [t is iinportaht^Jfat^th^ 
^rivingifl^eH# are kept^as^pliab]^ as jiossib^. ThkTis^ 
not a very easy matter^fn a sawmill, owing to the i^ry 
fine dust consfifntty floating ahf)ut and •filling up the 
pojes of tl>e ^eathty. A •mixture 5f ihutton flit and 
beeswax in ^qual yurts witl he* found a cnpital dress- 
ing, and will not injure the. belt. ^An applicatfon of 
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tanmer’s dubhin for leather, and of linseed-oil vafnisli 
for cotton belts, can also be recommended. Castor oil 
is also an excellent djcessing for leather, and, at the 
same time, iti renders it ve^ii. in-proof. It should be 
mixed, say, half and half, with tallow on oil. For pre- 
serving or recovering leather belts from mould, pyro- 
ligneous acid , may be useil. The belts should be 
thoroughly stretchod and carefully insule. Cemented 
joints are to be preferred to others, as they run smoother 
over the pulleys. 





CHJPTEfe XJ.VI. 

THE.BEST ENG4NE POll A SAW MIIJL. 

• m 

A.LMOST every type of Engine is made J:g do duty in a' 
saw mill, and as many of them are iitterly unsuited to 
the work the result is often anything iTut satisfactofjr 
both on the score of economy and effective working. 

Owing to the severe and variable duty required 
of a saw-mill (fUgine, it should be of especially ^ 
strong and substantial coiistr^ct!(yi, and able to com- 
Hnand a uniform speed under^suddenfy applietf Idhds. 

After a lengthened experience the g^thor is of 
•opini(^n that the best form of engine forMriving^wood* 
worSinj 4 maebiiiery — except ^infler special circum- 
stances ^is a hmg stroke horizontal bfglij pressure, 
either compounded or • with condenser, or botff. 
Some years ago, in the present vcdijjme, the author, in 
wriUng on •some points tt! he desired in a saWf^nill 
engine, mentioned the following* ig^d his views in 
this resptKi^ have not altered, i^ may, ftot ^b(^5jjit 
•pl'cfce to^’epeaf them. 

• 1. A stroke of twice.ihe diiflfiCtei*of thi cylind^; 

2. either compounded <^r with a condenser, or both; 

3. or an automatic expa^usion slide, ,controllgd by 
powerful and^iensftive governor gear; 4. a steam- 
jackSted ainf lagg^^l cylmder ; 5. short steam v^ays ; 
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ample 4)earing s?irfaces, well fitted and lubricated, 
and an efficient method of packing ; 7. larger cylinder 
area per h.p. ; 8. afr‘illy-wheel of large diameter and 
extra heav.y'section ; 9. a hiddeiute piston speed. 

Speaking generally, in selecting"^ an engine the 
chief points to ho borne in mind arc : 1* 4ihe nature of 
the work it hatsio do ; 2. the speed and power required ; 
3. the cost of fuel i' and 4. if under skilled inanag^ement. 
In a saw-imlj if the fuel be plentiful, and the inanage- 
jnent unskilled, as is often the case in isolated countries, 
a plain vslide-valve engine would possibly suit better 
than a flrst-cla^s one with expansion gear, conden^r, 
&c., the loss of fuel being partly compensated for by the 
greater freedom from bre:;kdowns. In this case, the 
engine should be arrang(‘d to cut off steam tolerably 
early and expand it for the rest of the stroke, and 
powerful governor gear should be employed. On the 
other hand, in establishments where large power is .e- 
(luired and skilled managerm nt is attainable, the most 
advanced form of engine is in the end by far theelv‘ap- 
est. In eases where fuel is div.r, a good compound 
c'>ndensing engine can be used with advantage : but it 
cannot be too often repeated that, whore extreme 
economy is required, a skilled (‘ngine driver is an abso- 
lutv* necessity. If the steam pressure by which ^an 
engine is worl^^ed wWd be likely to vary considerably, 
uud th^ Jo&i likewise vary, to secure firt/»ady and e^en 
rdjining the engjne %l!it>iibl*be‘ fitted, with v^lve geiw 
hlfving a considerabl# range of Jbut-off, combined with a 
powerful and censitivefgovernor. 

In scdectiiig an en^ine*if full (fetailqd cpecificayon, 
giving sizes and materials, •sjiould olitained fnigi the 
maker, with his guarani as horse-power — brake 
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IiQrse-pWer, & possible — the engine will out at^ 
jertain steam j^ressu remand that it will wd»l^at its full 
jpeed and .power without excessiv^^ibration. 

See tl^t tlfe bed-piate tr^ frame and \)forking de- 
tails of the engine j^re of ample strAigfch, 4lso thaji the 
jylipder has«e\»f{[cient metal to allow of being r&bored 
several times, that steafii passages ^re short, that 
the sliding and bearing surfac^ are»ain|>l^, and that 
they are adji^table forswear. The authot prefers a 
medium piston speed — stiy 500 ft. peV minute —to higher^ 
speeds, as he has found® the cylindervS of larg(f hogizon- 
bal engines run at high speeds rapidfy w^ar hollow. ^ 

An engine of ample, but not excessive, power for 
the work to be done should be selected, as to© large an 
engine is as wasteful of steam as too STnall a one. 

For saw-mill work, l^he author piefers the bed-plate 
of the engine to be on theMouble girder box* and 
lo extend beyond the cylinder, which should be mounted 
on it, as this is undoubtedly the best ^dtin tx) resis^ 
heavj* working strains. If a j^ir.of engines ar(? used, 
it will be found well b^liave one large lly-wheel for the 
two engtiies,. placing it between them, witl^ an extra* 
pulley for driving the nnfin sliaftflng^ Crankshaft to be 
fitted with an dutside beai^g. t^inecting-rod ends 
to,b6 made 4idju stable for wear, and Pitfed with 8frj^)s 
an(f keys. Engine to be fitt«id >p»ith®tvide^‘ouble motion 
barg ard tlbck;^, and made adjustable •tbr*>\^aft • TIRj 
W s should iave oil recesles gr^t cavi^es. 
and starting valvoito be provided, and so arranged thftt 
access can be baTft(ftbe throttle valve without disturb-* 
ing yie steam p^e. 'JUie steifnf pi^sages should be^irge, 
shorthand direct, au^ ihe cl(fa.rance in cylinder as small 
as possible. 
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trials, the ait 'Sior is distinctly in favour of an engine with 
along stroke, as it peyfiiits a higher piston speed without 
excessive yihration and and tear, and the* steam 
can be expanded i/itii greater facility. Tlie steam ports 
should be as sliort as possible. This can be'socured by 
dividing the slide valves, and placpijg them*' at each end 
of the stean^ chest ; and a high speed s/uisitive governor 
should be arranged to act on an equilibrium double- 
,beat throttle valve, or on expansion gear. The exhaust 
should be of ample size, to admiu of the instant escape 
of the steam ,and avoid back pressure. In crowded 
spaces it is sometimes necessai*y to use a vertical engine ; 
these can be compounded wjtli advantage, and although 
necessarily of shorter stroke, they can 1x3 worked with 
less wear to the piston, cylinder, glands &c. than a 
horizopbi.1 engine, ^the wvar being distriouted, whilst in 
a horizontal engine the cylitider wears oval. 

, Arrangements should made for tlie continuous 
drainage of the eylimler, and it should be fitted .»?itb a* 
good sight-feed lubricator, wiiich is a distinct improve, 
vient over ordinary grt*ase cups, as witli these latter th(‘ 
piston may be rniinlTig perfectly dry, anj the cylinder 
may be scored ainf tne rin^^s cut out before the atlen- 
d.Vnt is aware of it. A very consideiablo economy in 
oil is also effected by th.* qse of a sigljt-feed lubricaW, 
:ks it'ciin be .adjusted to supply the jniuimiuif amount of 
oi! to ke|p the yyliipjer pKjperly lubricated.. On*th^ 
other haml, the old-fashioinci grejvse cup floods tfie 
cylinder witii oil h r a sljort and this being 

nipiuiy cleailMl ^iway by tlie s^^'okes oj tln‘ piston, 
the cylinder is left* comparatively 'dry in ^ Tittle 
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Comi^uud Jiigires 1 ave of late ^Sars cove con-» 
sideraibly ii\to nsg, and aje more economical CWtfn single- 
cylinder engines. This arises chiefly from the fact that 
inach higher praBaures of steajp can be exparjded with 
greater advantage •in two cylinders •tl»n 1^1*0116,8.11(1 
without the cOngideAble loss from condeji action T^iich 
arises in a single cylinder vdien the ste^m is cut off 
very early in the s^poke. A.gain, if*a coysider^-hle range 
of expansion be^attempteikin a single cylinder, and flic 
cut-off is very early, the ptrain on thh working parts is 
great, necessitating exetSsive wiught and strofigtl* in 
the engine. In the case of compound* cy\;nders, how-^ 
ever, this strain is distributed. 

In single cylinders, if large;expansion be atbnnpted, 
the steam condensation is excessive and becomes a 
serious matter. C^npoftnd engiue. will work more 
steadily and wifft less friction »:i.nd’ vibratio»„cjnse- 
(jnenjrly the general details of ttie engines may be made 
lighter. Where a sufficiency of water is obtainable, a 
cdndenstr can be fitted to an engine, with considemblc 
advantage^ as in this case, Ins! cad Of bein;r. exhausted 
into the open air or water tank after cacli stroSe of the 
piston, the steam passes through the exhaust port into 
the condenser, and coining in* contaGfi»with the water, 
which* is in constant circplation thereinj is itself itn* 
medihtely condensed or reducejl tft tv»ter. ‘^In working 
'the condenSt*an.air pump'is emi?loyed,* wl^oh-krtJps*: 
uf a vacuum a^jd ‘relieves the piston ^foin^back pressure,* 
thus increasing thei^ffecti'-ft power qf the engine. Th^ 
water made hot hj tiie /ondonsation of tjie steain is 
again used to. feed the boiler,* hence if second sating 

arisesT , . ^ 1 . 

A snnple and con .aniient ' awpngement for workiftg 
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the air-p»imp for^ i). coiidensor is to prolong th^ engine 
piston-roa ^hrough the buck cylinder cover. The air- 
pump should be don}>le acting, and the valves arranged 
so as to give ready access ‘or adjustment and repairs. 
The engin'e^d should be prolonged and the condenser 
mounted on it, so as to secure perfeht alignment. The 
author has^found pump valves^ of india-rubber, with 
gun-metalj?eats,. guards, Uiid bolts, work very well. If 
there is no overhead tank for the injection water, sluice 
valves will be foiind most useful for starting the 
engine. 

Autoniatip expansion gear is especially useful in a 
saw mill, and with varying loads efteets a considerable 
saving, as the admission of the steam is reguhlted ac- 
cording to the speed or load on the engine. The gears 
of Corliss & Proel have proved themselves very 
effective. 

Another very s;.ti8facU)ry arraiigeinent of automatic 
expaniiou gear is the Kiiston. In this the cut-off valve 
is nn*de multiple-ported to give free admission of tHe 
steam, and is driven by a iVdius nxl, the fee end id 
^ which is moved up or down in an oscillating slot-link, 
which is driven by w separate t^ccentric, the precise 
position of the being •determined* by the governor. 

As the speed of the engine yicreases and the governor 
balls rise, the traad o,‘’ tihe expansion vjdve is reduced, 
.and the sb^arii is cut off earlier ; should thh engine nin 
more slowly, the con^trary \)ce'ir.s. The rangj of cut-ffff’ 
is from a fraction up to half ’■ troke., 

A further advantage arisKg kotif the use of auto- 
matic expansion gc*ar*i« that the steam is always 
delivered to the cylinder at Ihe highest available pres- 
sure, whilst ill the ei*se (»f an ordinary slide-valve 
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engine ^here fhe cut-off o*f Ilie valve^i* alwJy^f)ositive, 
the a<linis|iion of the steam is governed bji^means of a 
throttle valve, the action* of which ‘wiredraws/ and 
reduces *the prVssure of th^ steam. With efficient ex- 
pansion gear the# amount of steam •r(yiuiwl* to do the 
work on harjd.at the moment is practically mefisiired at 
every stroke of the engine, no mor? is used than is 
required^ and tliiynturn is fully ^jxliaustetTcf its energy 
by expansion.^ 

Owing to the, constant and gr«it variTi.tiou ot tlie 
load in a saw mill, it is important that a governor be* 
fitted sufficiently powerful to keep the engine peSfectly 
under control, and the speed uniform. Various 
of high-speed governors have come into use, ‘.md several 
of these have proved themselves both sensitive and 
quiet in action, tfhd are to be prefer ed to the older- 
fashioncd type. 

^ For the guidance of rcadefs w'ei^p^uuid a slforT speci- 
fication of a high-class engine, well adaptoflf for saw-rnill 
Vork 1* One improved horizontal compouifd tandepicon* 
de 11 sTng engine to indicate ‘5 10 CorJe-power mounted on 
double girder box plate, planed on face ; higji-pressure 
cylinder, 18 fn. diameter 5 low-pressure cylinder, 31 in. 
diameter ; strol^^ of \»istons, 30 inf^n^nber of revolii- 
tioni per infinite, 00 ; diaiVRter of vent ieal air pntjjp, 
20* •ill. ; stroke of vertical air 18,in. : diameter 

of horizont?U ai^r>unip, I4*in. ; d%iiietei’t>f c^anJc^ha^!:,. 
•10 liu., njad^ot best fagotted senfp iron ;^dia meter ^qf 
fly-wheel, lo ft. widtl^#of faeSVif Ity-wln^l, 28 ii^ ; 
diameter of stoj^ val^e q^f higli-pryssure cylinder, 6 ki. 
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•fflE BEST BOILER F^R A SAW MILL. 

Evert possible type of boiler lu^ia been made to do duty 
iu a uaw mill, aud^ it need hardly be said that many of 
— 'eseare quite unsuited for the work they have to do, 
consequently the economical result is unsatisfactory, 
and, ttikiiigthe whole woild over, boiler explosions are 
more frf‘quent in saw mills tjian ^n any other class 
of manufactory. Most types of boi\er possess some 
advantages and disadvaiK^ages ; in selecting one, how- 
ever, the c\uef points to be borne in mind are; 1. the 
' quality of the feetl wat(^r; 2. the quality and nature 
the fuel; d. if for teniporary or permanent dut^ . It 
may be wll also to inentioi. a few of the [>oints to 
Ixi desired in a steam boiler.' 1. A boiler of a design 

I ‘ . 

that can be readily ,in>pected, cleaned, or n‘paired. 2. 
A t horough circulation otthe water through the Ijoiler. 
jf A large furnace or combustion chamber, d. A suffi- 
ciency of water and Jiteam’space to avoid sud\len fluctua- 
tions in t*li^ water k*vel or steam pressure. 5. A kirgf; 
nSargin <5f strength v;er working p'.’essnre. G. Stays, 
epds, strengthenin^’rings Ac /^arranged with an allow- 
ance for ex^angionr 7. Ainpie heating surface, with 
no joints or rivet hvuds expose^l to, the' direct action 

* ' ' I 

^ AHandhaokfor Sttam (’fen, M. I’uwh MaV). (LitnginanH A ) 
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of tlie ftre. 9* Boiler to be' properly BKed aftiif Equipped 
with a full supply of fittings of fho bojt/type. 5. 
Ohimney stack^o be cone«t]y i>roportioned to the boiler 
^hd to ttie f u(^ to be burnt^ 10. toiler to be yf a type 
suitable it) the (jped- water and fuqj ysedfVnd to be 
mkde of first-dais materials, and with good •work- 
manship. ^ 

In s^w mills the ftiel used is usually siiTifll coal mixed 
with wood waste, which ^ives out a fierce fir(?,and sliould 
have a boiler *with considerable giate sutface to con- 
sume it economically. #The locorm tive typctof boiler* 
has the advantage of raising steam ^piickly ; it can be 
safely worked at a high pressure, and*vequiresUf*flt? 

foundation ; on the otlnu' hand it is unsuited for burn- 

.1 • 

ing inferior fuel without a forced draught, and a 
specially large fi^-boK is necessary. With tlie* fuel 
usually us<^d inn saw milhthe ^)latys and ^ul^' ends are 
•more easily burnt than in a flainej* fjoiler, inore*parti- 
cufarly if incrustatior is allowed to acgRuuilate ; in 
^)oint ^f fact, should the feed watej'be bittl, a locoyiotiv^ 
boih^ should lu'ver be u^5od, \Tnlwss special moans be 
taken t<^ purify tin* >At(?r before it < nti^s ^le boiler. 
When burnilig small bii.uininoqs c<>al under ordinary 
conditions, locoiyotiveboiler^ have ii^enflency to produce 
smoke; this*can, how(wer, modified •considerably J)y 
tli?» employnicnt of a sutficiei^t inj^ht pf cliimney to 
induce a qiyck drauglit, intfre-bmk urpll, aiKl^c^rcfpl 
fiiK^eveii^rin^.* 

* Water- 1 ime btnlers liyve beef* intit>duce(l into si^v 
mills in this c^yny-y a limited extent, and it^ is 
claimed for them that they are^both saik ai;cl econojpical ; 
thei% appears tifibe Ifttle doj^bt, •however, that somejof 
them^^cnerati? w^ett^* steatn^than a good Lanca^ire 
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boiler, ttfid 'ffith inferior fufl, they produotj inucV smoko, 
ftoreovef, fisiving many caps and joints, ^lley are not so 
readily kept in order. 

On the other hadd, it is claimed by ‘the ‘urakers 6 f 
water- tube boilers Jbhat tliey posst^ss various A^dvantajjes 
over' other boilers, such as occupy iir^^ less space, greater 
heating surface, less fuel used, perfect V.a'tor circula<»ion, 
sectional ditfaions, preventing di% 5 t^trou 8 explosions, &c. 
It ir.ust be ''admitted that many of these boilers are in 
use in Ame'.iea, an/l are spoken well of, 'and the smoke 
not conv>lained about ; but thjs can be explained to a 
great extent by ,the fact that the fuel used consists 
u-'^dy of anthracite coal, which is practically smoke- 
less. It must also be concefled that where accidents or 
explosions occur with locomotive or tubular boilers 
they are usually not so disastrous a*. thost» with Lanca- 
shire and (loruish, boilers, and higl^/T pressures can 
be w«?rk?Hl uith J^^tfcty.^ •> ^ 

A c«)mliiuation of the double-fined or Lancajlhire 
lx)ilcr and tubular h<hler has lately conu‘ into exteiide^l 
use for driving eIei*triJ lighjing plant, and ‘ .vhcro 
the feed* water is fairly pure «'can undoubti‘dly be re- 
eommemid, as flcy are fvund to be rapid steam 
iMisers, and <‘«oini'y\ical in tht‘ consumptum of fuel. 
Tkp boiler consists of *1111 ordinary internally fired 
Lancashire boilei^ with eros's tubes, but, in addition, 
a series’ of diori/ontal fubes run the fuH length of 
.ihc shell. • It is claimed^ for this b<dler that it h^ 
ii considirably ^arg^**? heating surface (.aiaii a Lanca- 
shire boiler, a medium w?U*r cdpacity, occupies a 

uiinimiim oT sraco,' small area of brickwork, and has 

•• • 

u fair amount of steittu spice. 

In countries or distriots where wood waaW is the 
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only full, externally fired tubular fedflers 9^^% largeljf 
used*; in ibis o^se the^loile * is mounted Vir a briclc 
f^fiiace,^iii which the wood is bjjjiit, the heat pass- 
ing under ^tlic Soiler and baeje through briqjc fiues on 
each sifV', and * 1 ^ the chimney.* in fisfng tjiese 
boilers esprmal^ciflhe should be taken ^to keep •them 
entirely free from^ jncrusiation. In ^merica, an 
under-fised cylindrical boiler, with r^urn ^tiibes of 3 
in. or 4 in. Jiameter, is used considerably. Tflese 
are low in first cost, aijd when arranged with a wide 
under-furnace and bride flues are said to 4>e fairly 
economical. 

Under- fired boilers are not popular in this CCfin^ 
try, and there is little doubly under-firing considerably 
strains the seams &c. of a boiler, especially if a long 
one. 

Except for sftall powei*aiid| in ^n)wJed situations, 
\ertical boilers cannot be recommended for saw-mill 
work, as they are apt to prime and jll-oduse wet 
stean^.^ This aris(‘s from the water and steam «pace 
being siiwll, consequen^yVet steam is dix^wn into the 
steam pipe to a greater or less extent at eacltf stroke o^ 
the engine. High-speed onginKs mitigate this evil 
somewhat, but l^iey themseWes ar^Vusuitable for saw- 
mills. 

Taking the advantages 3 . 1 ^. di#ad vantages of the 
different t^i«?3 of boilers info consfderatk>n^the%vd-hor^ 
%{Jter a lengi^ened expexieiifco, is^of omnion |hat for, a 
permanent saw nvll of«any magjjitude no boiler « 
superior to a wtM-<Jesijj^ied and ^quippeji Lancashire 
boiler, or, if ^le feed water b^ good, aTiaacasliireijoiler 
fittecl ^ith cro| 8 *\ube 8 and a/»Bern?s of horizontal 
above^the internal tiiTes. 
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Aniorgft tlie ^.disadvantages of Lancashire and 
Cornish boilers may be mentionrd their/cost- -when the 
expensive nature o6»yieiv fixing is borne jjn mind — for^a 
given hoy? 3 -power and increased lengtji of time 
necessary to get up steam as compared with a locouj^o- 
tive or tubular boiler. On the other they possess 
several impopt^nt advantages in tijjatthey can be readily 
cleaned ai^[i repaired — a matter of great moment in 
cases where^ the feed water ij bad— and inferior fuel, 
wood, waste 4 fec. can be burnt in them without much 
trouble. If carefully fixed and fired, a Lancashire 
jbpiler can al}»o be worked with comparatively little 
smTke. A well-designed Lancashire boiler has a much 
larger water and steam s^xice than is usually found in 
locomotive or water-tube boilers, consequently when 
any special or sudden demand is made for steam it can 
usually bt supplied without much inconvenience or fall 
in pressure. As aheady mentioned, the smoke nuisance 
luay — In a Lancashire or Cornish boiler - be reduced to 
a mi.nmum, as tlv> pate surface is of considjxable 
length, and a by ‘ coking ’ the fre.sh fuel at tlu funiace 
.front the air admitted has time to rise in temperature 
aud mix with the gitses evolved before it reaches the 
bridge, and combxstion jg completed here and in the 
flue beyond, it may be as well to remark here that 
the empJoymVnt 62 tk ury-clay bridge or arch can be 
^ecommend^ • both in Lancashire ^ and locomotive 
boilers. 

^ Supposing for tlie time ^being that a Lancashire 
boiler be selected, it. may not > cafof place to briefly 
discujs some'of fiie points to be dt^sired ij» its construc- 
tion, as, although great improvements hpve taken place 
of ‘late years in the ynainifacture of steam boilers, 
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boilers of itiftnnor construction and fquipmeui are stMl 
made. 

^ In sgloctin^ a boiler, a full derailed specidcation of 
sizes, inati^rial^, workmansltip, and fittings sbodld in all 
ci^es be obtainofi /rom the maniffaSturer, y^ith tbe 
brands of Lh<;H3®iler-plates stated, and Jjjiould th&e not 
be of well-establisli^d repute, a guaranige as to the 
tensile :?trength, ductility, and elasticity oi the plates 
employed shoidd be reqifbsted. ^ , * 

As regards nlaterials, mild steel plates (Siemens-, 
Martin open-hearth process) are generally ad:1iitt#d to 
be the best and most reliable thal can be * used^>.- 
present. In the best boilers the plates are specified 
to have a tensile strength oi not less than 26 tons per 
square inch. The^ edges of the plates should in all 
(Uises be planed, and the seams are best made with butt 
joints add double butt-strifps, ’Irhicn^re the^iitr^ngest 
*an4 most reliable form. All rivet-h(5l< 3 should be drilled 
in position when possible^ and the riy^ts clc«?d by„ 
maclyne ; in point of fact, matepa1,s, workmanship, and 
fittings {diould allbeof^h?highest*class. The difference 
in price Uetwgen a good and a bad boiler is not^great, and- 
,t user shoiild never be tempted td purchase a low-priced 
one, as he wiU pl-obably fimyt a veif costly economy. 

. If or the«guidance of qnr readers we !ippend a sh^-t 
specification 'of a dO horse^^w?]^ Lanbashke boiler 
suitable fo*r%aw*mill work : — 

* , 3fafc«ab^The boilw id be n^^de througljput of thb 
best selected mild.steel plates adapted for boiler wo^, 
the tensile streil^lh^f ^icb slialV not be. less than 2^ 
toms per inch, ^ran^s to be marked Iheibon. 

Le«gtii of boilef, 28* ft. ; diameter, 6 ft. 
6 in. ; diameter of flu^s, 2 ft.*J4 in. ; thickness of cibcu- 
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lir plate^i i • thickness of end plates « J in, ; thick- 
ness of fine opiates, § in. The Icy^gitudihal seams to be 
double riveted, and't/> break joint not les^ than, 12 in.^ 

All rivets to be subjec^u to a presshre of 26 tons, 
and all rivet-holes to be drilled AH position where 
possible. 

All rivets to be closed as#* far as possible by 
machine. 

Ends of boiler to be flanged to shell, vind supported 
by gusset staps riveted to double- angle rings at each 
end. Ah plate ‘edges to be planed and carefully caulked 
and ouisidet The edges of end plates and angle- 
rings^to be turned, and the holes for flues to be cut by 
machine. " 

Flue .^, — The plates to be welded longitudinally and 
joined by Atlamson’s flanged seams or other approved 
method f #r resisting^ cohaps(5. 

Each flue to be fltted with four Galloway cross-tuliesi 
the first to Tie placed vertically in the fourth belt of 
platerf, ' , 

Fittinqs . sfeel double-flanged manhole double 
’-iveted i6 top i»f boiler outside, and strengthened 
with stiffening pie^ ifnd ring** inside fitted with strong 
manhole cover, b<lHa, »^c./ All broncHes for receiving 
mountings to be faced. Fire-doors to lie fltted ‘with 
air-slides. nre-bdA*ati4 bars tt) bo arranged for burn- 
ing tiawihirT shavings tfec. as wfdl oa* coke and coal. 
Two sets* fire-bars whb bearers, deatl pi tes, damp^, 
damper frame chaim and wefghts. Suitable flue doors 
and frames and floors-platcs, aiH fiMide for blow-off pit. 

lfountin^il.-~6ne steam stop valve, valve of gun 
lAetal ; two dead weight hnfety valves of ample area ; 
one low- water ala^m ; oed combined feed-regulating and 
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back-p/essnr* vaive; ontj gun-me1#r asbist^a-packad 
blov^-off QDck;,two seV of labestos-packedVater-gauge 
^ttingsj gne 7 in, Bteam-pres 9 ure,gauge, graduated to 
180 lbs., jjitted* with siplioit |nd tap; two plugs 

to be placed in cA)^n of furnaces ; t)iie perforated ,anti- 
pri^jiiiig pipe I Jwo* a-sbestos-packed wajer-gauge* cocks. 

The boiler to tested by.hydrau^p pressure to 
double •the avewge working jft'essiire foj which the 
boiler is inten^Jed, and whole completed to^tlie satisfac- 
tion of Mr. , The,author in afl cases recommends^ 

the use of a good feed- Crater heater in Conjun5iio\^ with 
the boiler, as there is little doubt a odstii^ct economy is 
effected by raising the water to a high teinperatrlfe be- 
fore it enters the boiler ; at same time it precipitates 
many of the impurities contained in it, and prevents 
them entering thelDoildV. Feed-wator Inhalers have not 
been hitherto a? largely used thc,^ slmuld<iii>e,^but as 
•skilled boiler management t)econ>e. more and more 
necessaiy on account of ecevnomy they shoitld be^rapidly 
introc^ced. 

Complicated forms of heatersT slioiild.be avoided; 
they should be capable of being readily cSeaned an^ 
examined, and any tubes employed should be so 
arranged that Hhey have •^f reed drji to expand and 
co/itt’act, ajid the watei; sfiould have *a rapid df^u- 
lation. 

Whatdv^r f(iriu otfeod^water is emplo^fi,^t ts ii^- 
*pprtant ^lia^ provision* be •inadg^to prevent any bivdj; 
pressure on the eiigiiie. o^This caii#be lone by fitting^a 
relief valve so trt-a«ge^that whaiiever tbe pressure of 
the exhaust exceeds J:hat oti ihe atmosphere to any ap- 
preciable extejitJ the valve npenfi a communication be- 
tween the inlet and outlet. 
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CHAPTER XLVlii. 

UUIiKV AND TAKliSftJ. 

Rules for Volcuhithnj Spmla of Sha/ffi avd Difimeters 
of Pulley 

Tl\e speed of the driver and the diameter and speed 
driven .hoiiej^ ^tven, to tiiid the diameter of the 

driver. 

PROHLKM 1. 

Multiply the diaiiiekT of the driven hy its 
speed, and divkh* the product hy the speed of the 
driver; t^,, • (piotiept wil^ be *he diameter of the driver. 

PROBLKM ‘J. 

The speed of the driven and the diamete; and 
speed of the driver b.dng given, to find the <liayipter of 
^tjhe driver , 

Rule. — Multiply th 3 diameter of the driver by its 
speed, and <Uvide*^he product by tlu 3 speed of the 
dr>€n ; the quotient will bb the diameter oi the driven. 

d. 

The dfaffceter of *^he driven being given, to find its 
number of revolution^.* 

RuU , — Multiply 'the diameter 01 tne ariven oy its 
revolutions, rfnd «h’vi 3 e the proilucl’ by^the diameter of 
the driven ; the quotient will be the ni'.mter of revolu- 
tions of the driven. 
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W(f give •lierew nil tables of tlj^^specjic^ cohesion 
^aiid’ streiiigt.h lyid tlu; ^-esi ,iaiice of wood 1!i| iVcssure as 
^lcul.ate<l by Professor Vfiilliice. 


^Idcr 

A.di 


• i:ipec[f'icJJo 1 tjC»ioa an^ Strenyth 0 ^ 


rt-d, tteasoiied 
white 




bay . 

Beecii 
Cedar 

Cncsiuut, a century inj^iac 
Citron 
Cyprcfts 
Wider 
Kira . 

Fir . 

. pitch piiio 
strong red 

„ Momol, Fjjjisonod 
.. Kii-ssian 
,, Vmfricau 
, yellow deal 
white „ 

„ Scotch 

Scotch, seasoned 
1 a geo wood 
harcli • . 
liomou 

Mahogany, ^panisl 
Maple, Iforway 
Mulhefty . 

Oak . * . 

ftrQtlish, 

, „ *!>< aa^ined 

,, FreAl 

„ „ se»oned 

„ Baltic • • Mi 
,, American while 
,, Danteici^ . •• 

Plum , ’ ^ • 

Pcinegranaie . 


/ 



1 500 

irom 

J H04 to 1 2^4 

, 

1*899 


1*1?^9 

iu‘iu* 

154';^ to 1 086^ 

1 8h0 • 

» . 

0T)2^ 


\ *291 

from 

*1*367 t.*0*8(*il 

• 

OJ32 „ 0*542 
1*080 


1*132 

tioni 

1 380 n 0*879 


1 ;’)tis ,, o*3ftt) 

I 172 

1 154 

lio>^ 

1 002 i%0*l|/13 

• # ' 

0 942 


0 90i . 

* * r 

0*4l.)<> 

• 

0 711 • 

<ium 

0 837 to 0*745 


2'Oei ^ 


1*177 • 


1*001 

• • 

*1*283 

P 

J*123 


1*192 

•fUm 

l-SOl 0*955 

• 

i*.> „ •r'Jitf 

. • 

I-5Wf 


##from» 1*000 tj) 0*900 
.• „ 1*559 „ 1*363 

. 1211 
* * 1 (tb 9 

. 0S18 * 

**lrom 1*357 to 1*206 
. 1*221 „ 0*382. 



4J4 iveo£;tyoK/ciNd MAC/t/may. 

Spre^'f Mtkof and Strength of ^food con'inued.’ 

Poplai' 0-706 to 0-488 

Teak, Java, 8c;w>oae<l . i • • l‘/>09* 

„ Pegu . . 1*400 • , 

„< H^abar . . ^ ‘ ■ 1*905 ^ 

Willow u , . • • .1*376 to 0'800 

Kcfistaiice of Ifooi/ to Pressurf. • 

In thifl table the pxperiment^ are ivith cu1;>c^ of 1 inch on the edge.) 

. I.bs. 

Amcricart pine 

Kim. . .o . K284 

English oak 9,860 

Wliitqdoal ... h • • 1»»28 

r 

Specijic Gramtki of i^eunowd Timber, bt/ \\\ Templeton. 

.. ' 1 , I i "'l*" ■ 




Alder 

Apple tree, 

Ash . 

Beech 

Birch, KngKsli . 

„ black, Amen - 1 

can . \ 

Black w<Kxl, Aiistrif-J 

lian • * , 

Dte* gum . 

Box, French 
„ Dutch 
Odar, Americnn 
w ^Itf'dney . 

„ (;anadiaD 
Cherry tree . 
tHiestnut . , . 

Cork ^ 

C,:)W"*ie pine, New) 
Z/ealatid { 

Orab’*rcc . 

Etwny, Indiarj . 

„ American 
Elm . ' . • 

Hawthorn 

H.yd> and honibcam 
lrt>n bark,ATWtralian 
[.abumuni 
I/ancc wood 





> t 

11 

Z 



7 at; 

16 

70 ;' 

4 bA 

^ 4 .> 

. 52 " 

852 

. 5 :u 

792 

49} 

648 

40 } 

6 r»'j 

6 j 

MOO 

68 | 

i,.a*.»v’* 

83 . 

^912 


661 


,,660 

34 i 

910 

f )7 

716 

4*3 

610 

38 * 

*240 

15 


* 

%>- 


768 

44 

1,208 

7 M 

I ,.331 

83 r 

6 fj 

42 

610 

38 , 

760 

47 } 

1,233 

77 


57 } 

\Ma 

64 


u 


li 

■sl 

§0 




3 

0 

48 1 

Larch . , . 

530 

31 

, ry\ 

Lemon t’-ei* 

7^)1 

44 

43 

Lienum ^ ito* . 

1 .:t 3 <; 

83 J 

12 

1 lAm<* tree 

7 t;o 

47 } 

V>\ 

Lo::\v (8 4 . 

913 

57 


; .Mal’<*;j:any, Spain 

720 ' 

45 

5 .) 

1 ,, Hoiidnra.s 

560 

7 «f‘* 

3 '. 

r t 

, MJpIc 

47 


■ Oak, -..ir.^lish 

934 

58 

32 } 

; „ Americait. 

6/2 

42 

27 

' „i- .\frican . 

044 

5 lt 

39 

; tJranii:© tsfo 

70.5 

44 

64 

, - Bear tree . 

660 

41 

61 

i 'Pine, pitch 

736 

46 

39 } 

. „ red . 

672 

42 

Jit 

„ white 

456 

28 ‘ 

50 

„ yi'lhtw 

448 

28 

If.t 

l’ 0 '*na 

640 

40 


'■nplar . . 

, Plum tm* . . * . 

984 

24 ' 

70 j 

785 

40 

46 } 

il lUift. gum, Atjsiralia . 

!*01 

56 

*29 

|i IlotWwtx.d, l>l'«:k 

1,280 

80 

27 

Hycatfore . 

624 

30 

63 . 

Ijeak 

750 

46 

, 69 

! Walnut* . ^ V! 

671 

42 /* 

47 } 

j Willow . . , . 

586 

m 

29 , 

1 icw, Spatt»‘'h . 

807 


39 

35 ' 

1 „ Dutch 

788 

49 { 


I- 1 

£! 

< **4 
61 
26^, 
47^ 
39ii 
60 
64 
47 A 
38 } 
63 } 
38 
49J 
64 | 
48l 
63 
7H} 
80 
35 
93 1 
45; 
40 
28 
67} 
48 . 
63 
61 - 
44i 
46 
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< ‘Omp^sition of Wocjls. 


• 

Wootla 

CartKin U^iiCieii 

O-Nygen 

, - MM 

K itrogen 

Aah 

Bce«r r 
j^iren 
('ak 

K/pliii- 
Willow . 

1 ’orC’oii u. T’cr e* 1 1 <1 

lu'ia <;oi * 

r,0 20 * 0-20 

•41)01 • 51)2 

•4l)«7 (i-2l 

4i)‘0n t ^ r,-% • 

T’cr Cent. 
•1201) 
4l-0f i 
41-10 ' 

41-00 
or> 

Ter Coiit I 

, 0#1,* 

* 1-10 

1-20 * 
# 0-90 
i)^)0 

Per Cent. 
1-00. 
6-81 
• 1-97 

1-86 

8-37 


MeaHur^ment of Timhcr. 

In measuring stan^inj^ tiinbci’ Hihe fengtli is taken 
as lii«^h as the tree wifi measure 24 itiches in circiim- 

O % 

fcreuce. At halt this height the lAeasnremcnt for tlie^ 
mean girth of the timber in the stem of the^fSb'is 
taken. <)ne-foiirth this girth is assumed to.be the side 
of the equivalent square area. The buyer lias generally 
tbe option of ch(jbsing any' spot between the butt endg 
and Ih^half-heiight of the stem s the girding idaee. 
AJl branches, as Tar as they ftieasuy* 24 inc-hes in girth, 
arc' pleasured in >vitii the tree as limber. 




4^6 /l’0p/?jr0A’A7iV( 

Taht*^. ()/ deal VropertU's o 

;m/.;(.v/>a’£'A’V. 

I' till'. .Vnti'nah of' 

nffhvietion. 

'* ' 

Weight of 11 

8. Vuluci'f 
tlioCoefflcieiit 

Yalito of a 
llosisfXnce 

'rennolty per 


Cubic Foot 

of Absolute 

to (‘rushing 

Squiiro Inch 



'rransver^'O 

per Sni-irc 

1 Lbs. ^ 

- 

Ash or beech 

47-5:t 

ytri'ugtb 

12,15<) 

Tiieli ittjlilH. 

14,700 

Box, dr) . . . 

«0 


10.300 

lO.SOO 

Brass, cast . . ' . 


18,000 

loUot' 

18,000 

Bricks . • • 

no 

- / 

' oOO-SOO 

280 

Brickwork . 

112 

280-800 


— 

Chest^cct . t. 

41 

10,«f)0 

, 

11,900 

Clay .... 
Coal .... 

no 

,'7 1(H> 




1 CopfKT, caat 

.'ll*.* 

11),C.)0 


io,(yX) 

Deal^, red . 

:u*. t;i 

0,8 1 2 

(>,580 


„ cpruc‘‘ . 

-1 

O.lMMl 

•>,203 

- 

raramcil . 

1 . 

‘.»0 

:\r, 

ti.ti'.HI 

IO.30t( 

1 1,2(M) 

Fir, Ui^'u . 

17 

0,018 

O.oOo 

1 2.0(K( 

Gla.ss, plat'- 


; H.lOO 


t»,400 

Gohl . 

Cranitr 

l.L'nii 

h;.*i 




Gravel 

Iron, wrouglil 

120 

l^l 

1 2,t >1 >> ' 

Ip.tItHt 

! :)i,t)0o 

c:^st so' <1 . 

. ■ * 0 

,10,<hhi 

1 I.*>,0(t0 

1 20,000 ' 

Ivnry . 

< 11. 



1 1 

liunce \vu"(l 


17.8:)n 


1 23,000 ■- 

f*arca 'n . 

i»2 

o.ns 

.‘>.:>7t) 

1 9, too 

lAWl . . 

T12 

Ht)() 

— 

:U8oo 

Mano^aay, S. 

.'»«• 

i \,rm 


1 HMULHt 

Marbh* 

Kit 


0,otio 

« t 

Marl . 

ns 

C” 

— 

I 

^'lercury 

”>fortar 

Sl>^ 


* 

, ». __ 

107 



' 50 

f Oak, E. . . . 

r.s 

10,032 

It MM 10 

1 13,300 

: ., Dimuic 

o l' 

, 8,742 

",700 

- 

„ o^anadiati . ^ 

54 

" 10, 

<-.,700 ' 

— 

1 pitch 

41 


1 7.8(MI , 

i 

I „ red . 


sjoit; 


j (.''00 

„ Amerii.i»n yj.’^lovv 

28 

' ^ 0.01*2 

! o.pMt 

1 

Poplar ' . ^ . 

23 

“ 


I 0,010 

, :Jand, ri%« r 

117 

1 

1 

! “ * 

Silver 

♦ ^14 

— 

! 

1 

SUtc . 

180 

.'tooo 


; 12,000 

Steel . 

4H« 

lo(i,000 


HX>,000 

'Stone . 

. 12<--I70 

l,UH)-4>.30 

( o.OtjO 


Teak 

n 

, • n.772 

12.0<)0 

12,400 

Tin, cast 

a.v, 

4.000 

1 *• 

4,C01 1 

VrVt^dnnt 

* n 

" — 

) 7,227 

it400 

' Watpr 

•■'2 ^ 


M ' 


Zino . 

- ■ i 


7,tMjO 

1 

7,000 
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LOG «AND SXWING IV^ACHWES. 

I/og biiinl saws of* tho horizontal* typo*ar(^ now 
generally preferred in this country, anfl th^y undoubtedly 
possess advantages over the vertical type, notahiy^tTiat 
they can be much more easily fixed, and tlm log fixed, 
adjusted, or examined with greater facility; the saws 
can also be more fapicHy exchanged. Space forbids our 
going into the Vifidous poinVs to be lesircd i]i|Jheir con- 
struction here, but we may sa^ that,! wo of the efiief are 
that the main frame should be of massive construction 
with 4lie metal so apportioned, that th^re is absolute 
freecffk.n^rom vibration wli«n the inaftiinc is nmning under 
a full lo^d. 

The saw 'wheels should coinlbne strength with com- 
parative lightne!^, bo suppoyted by JouMe bearings, and 
be ¥1 absolftte balance. Tfie Writer prefers thabUhe 
faces of the* saw wheels sliould^e^ficy; on the face of with 
the slighU^t possible rounil, tlfis peuHits J;be ^asiei 
■tensionii]^’ of the saws. ^ Lj^rge band saw vfffieels are not 
now covercdf^on the face^ but tl*o%av^ is ruit metal Jic 

metal. ^ , 

Advanced inachme^ are^ fitted with Jlall or^rollei 
beatings to ftie^aw pulley ^indies, which undoubtecyi^ 
etfecl^an immense saving in t)earing friction, but ovi^^ 
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tw the g*-ea*i straiF and suddenly applied loads 'put on 
the saw, it *3 important that they are provided with an^ 
ample factor of sah^tK, and stdo or end thrust guarded 
against, aa the writer has come across ^verai cases of 
trouble in this coaiiection. 

Wnero electric current is clieap, inar^hlnes can o^ten 
be driven bv electricity with ad/antage. The best 
practice is to couple the motor directly on to the driving 
spindle, a^s this keeps the saw up to its standard 
speed, and countorsnafts and laths — with their slip — arc 
done ,^iwa/ witli. The travollinj^'^table can also be driven 
by a motor, but earo must taken that the motors 
selSicd are of ample ix)wcr and can witlistand overloads, 
or heating and other troubles may occur. 

Owing to the quantity and quality of the work turned 
out and tlie saving eflected in wf*od and power, log band 
saws for certain elase js of work are graciually superseding 
vertical log and tiori-^ontal frames and rack circular saw 
boncU'^, and ve look for still greater dovclo])ments in this 
conneetion, as the band saw, when properly nui le and 
worked, is un«loubt»Hlly one of tlie nmst valuably? of all 
wood* woiV ing took 

Much of the suc.‘;ess of l>and sawing machines 
undoubtedly de|»ends on the const nielifui and working of 
thrf't^ws and full notes tliereon will 1 m> luuud ir. the 
companion vohime SSaw Mills, their Arrcngement and 
Manjfgfwtynt. 

Fig. 47 represents a flisti active tyix' of horizontal log' 
hjj^nd mill' manufactured by Thomas itobinson and »Son, 
J.ifnited, the variable spC e<l feed gear and method 

of carrying tlie %aw puljQys being j»©rhap8 the most 
.HPtablc features, 

. J[n general constructicvi Hhe inachim^ i« particularly 
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massive, especially in the cored casti?jg*whict fcrnis tl^e 
.base. Tffe vortical ujitf ^ght slides vvliioli c^y the cross 
ijfil an^^saw pjdleys are f?olted b^se. Owing to 

the nietlj*4 oC casting thcSe^ upright slides supports, 
tUri^ centres of the 8§.w pulleys are lafpt^s flose together 
as possible, j^^\^uit*tiiig the use of a sliort and ri^d saw 
blade, and at the s^i^e tiina tlu^rising falling cross 
rail cair»bo adjusted on the uprigflt sliok^s to take up for 
any wear. Tlie elevating screws for the c%ss raif are 
protected in recesses foiuned in the ifjjrigh't slides, and so 
compact is the entire iiiachnio that the fliaxiinifin size of 
log that can be cut is only limit(?il by the distance 
between tlie u}uigbt })illars. 


saw |julloys are mount<3(l on heavy ^toel sjhafts 
i) a taper to receive them. They are bored to 


The saw 
turned to 

suit the shafts, aiicf are •secured liy a lo^*k-nut on a line 
thread screw. 'Plie, pulley shafts ai*> of nigh ^‘ade steel, 
run in long self-aligning® ])ea^irigs which See oil- 
ret-aiiaing and dust-proof, and have largo ^1 re^yvoirs, 
retiuimig the minimum of attention, bofler bearings are 
])einJjUiited latterly, and bid faif l(A*‘plaee the old style 
Ijearing-^mtirely. 

The cross rail which carries Um saw pulley l)earings 
is a Singhs castii\g, held at ey;her em.^ !>}• long adjustable 
slidfs, and sfip}>orted by lar^ diameter screws fromjjthe 
eoftnecting r*iil at the tup of ^tla^^uprigjit pillars, the 
weight beti^ taken on ball ^ru^t l^aringg.* Tasbin^vable 
^sa^ pnlb^y l)eafings res^onitlat sliofes, andifte not ovef- 
hung, and«t^is, cdnibine^witu a* sensitive saw-straining 
device, enables^aws o^ very thhi gauge to be used, 
thereby reducing saw l^rf. 

friie saw*slfllinii% devic® is extremely sensitive, ar^ 
cau^e set to Jiviea^suitabte n^uount of strain for ga^wa 
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of different gauges, by moving a weight hav^ing a spring 
cushioning device. Any variation clue to the cxpanrion 
and contraction of the saw Dladc whilst working is 
instantly and automatically tc^ken up. 

The tilting and Ci 'ss lining adjustments to the saw 
pulleys are indcpcndantly controlled, the- latter being 
specially coir^onimit for tie sawy r, and provides an 
exceedingly cniiok method of correcting ^ho blade on the 
face of the pulleys, by merely m:.ving a hand lever. The 
centres of the saw pulleys can 1)0 altered to suit different 
lengths of blade. ' 

The saw gujdes move on a transverse slide to suit logs 
of vafying widths. They are firmly hxjked when in 
position, apd have provision for preventing the sawdust 
being cauied on to the pulhws. 

The food t;car self-contained on a cast-iron base- 
plate placed at iho ado of »lu' marhiuo, and the log 
carriage is started, stoppod, or reversed at a high speed 
a sing^‘^ hw’of, A .•^itigle lever also raist*s or lowers the 
cross viil and :^aw juillevs, and I lie ilopth of cut is .>howii 
on a scale which has .separat : adjustment for ‘’'"^ging 
t|ie exHct%lepih of l)oard to Ih' cut, no matter at what 
height the s;iw ilido is abwe the to})* of the log 
carriage. 

,n;'he patient variable sjuavl gear is jKj.Hitive iik ita 
iiction, and consi^ls a lroa\y V l>elt running l)€‘t\vtien 
two [^iitj^f ekpandinW eyncs This is claiir*vl to 1)0 an 
iJaprovemenV on the friction disc, the latter U*im/ limited^ 
1 ran'oinissioh of power. The raU^ of feed with the 
cones can be varied at will whiLt the machine is nmnii>g. 

Tl\e log gini^gt* nms^pn })laned rails fixed to the 
beams of the mill than’, upd Indt^d diaCcf tc> the Ifese 
of, tie’ m.e hine it.self, that the ps)silj(ui of tfii log 
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.at the* point of (uittinj; it selt-eontliined|\^hin tl^e 
machine. , 

* Fic? 4S represents a le^ izontal log baud mill by W. B. 
Haigh. W t ubajp and Co., t»imite(f * The wl^ol(j of the 
machine,*togcthef with the fCed an^ oBntfblXiig gear, -is 
^iShunted a Aassive be<J|)lafe, no pari •‘.vliatever 

being below ttie floc^ level. 

Tht^ cross franie carrying the Iiearings, Siaits and saw 
pulleys has positive ar^^l variable . rising • and filing 
motion on the^large diaineter pillars iy sotwb, by power 
and by hand. 

The bearings are claimed as one of ^he most im^rtant 
features of this machine, beiiig of the ])ateht comUnal^on 
roller, i)all thrust and recoil type, and are guaranteed for 
a period of three years. • 

One of the sflWv piilleys is adjustable to track the 
blade to its corr#ct position, and has a slight horizontal 
.adjustment for lining up. 

- * The knife-edge saw straining device ^ operated by 
a coinjouml weighted l^vef, autoinatiealV coiiip^sating 
for e xpa nsion and contraction m th^ saw blade. 

Tlie anti-friction s(^W' guides are adjuai^lj# hand- 
wlmel rack »nd pinion. 

'the tiible is built of rolled slegC gi^^^ers with heavy 
cast^-iroii cr(jss-rail3 carryin^h% dog-boxes. . 

It has positive feedb/racWid mnion, and the fri^ion 
feed arrqjigement is instantfy \^Ahle J«pm 8 to 

feet lineal4)er minute,^ 5 iinf bas^^an rccaifr^ed return 
fhotion *of ^50 £eet p6r minal^.* Spred of • saw blade 


8*600 feet per mitiute. , . 

Fig 49 re|PesAitfi a ]>aii(l foss^wing machine iJy 
A,.llansom(^ an^l C... LimiYcd.. The m^in fraiffe is d 
desig* tq,vwthstaniJ the vihration of working. 
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The and reutioa of Che «aw pulley^ are r/ tough 
cast iron ahJ are lUnied all over, accurately halauced 
and fitted with wrought steel smokes whieii are staggered* 
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’rh»‘ hl.olV' .JO'? f>nllry.' luu iiu*J,»l t»r joel.d. Tilt* 
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I 

fcedjgear oofis^bts o4 six vertical rollm’Sjitwo pairs 
of which are of lavj<o diameter and trfl are jJrifen. Ofle 
pair of rollers* an^ o(* sr][jaller diameter anfl are placed 
♦hso up to tlf© cuttinj,^ edge of thf €aw to ensure of tlie 
wood hfjtng 'neldjirmly. 

1 he rollers art^ttirauged t(^carfG for cuttkig f^ather- 
ed^e^hoardfii^ required and the rate of feed is readily 
variable up to 150 ftet per itiinufe. 

The tension Apparatus is arranged to wi^i k on a jenife 
edge and can fee readily adjusted to siiii of different 
widths and gauges by s|ifting a weigTit along a horizontal 
lever. 

The feed is Htted with a self-centring apparatus,* by 
which (u alp 't boards of varying tidckiujsses Can he cut 
down tlio centre without further adjjuslnient, dnd the rate 
of feed can be obliged if desired wh’lst the saw is 
*utting. ^ 

Adjustalde saw guidet^ fitfle<^ i mined iitel^ above 
aitd below the wood and tlu‘ bottont saw heel is made of 
iiu n^ascd weight to prevent| overrunning.^ 

4\V’age speed of ba\^ blade ^,0U0 feet per miiAito. 






I HRUl*T angles or changes of diameter 
A -wtafipindlcs to be avoided, 283 • 

woodRii 


1 )V 


Absorption of vibration 
framings, supposed, to 
Air cylinder for eiisbioning saw frame, 

282 

Adjustable paekiug pieces for circular 
saws, 2 1 

Adjusting cutters, 273 
Adjusting screws for rcgidaling Icnon- 
cuttcr slides, 17.0 

Advantages in usin 4 J».'vnd saf%ig nia- 
clunes, 147 

Alloy btr bearings, ‘i*'". 

A^oys, production of, It.* 

Amei i^n cii culnr sji ws. t l.iok gauge of , 31 
American I'laniug machines, 88 
y^uorican^r.'K'k bench, origin of, 8 
A montons, ‘^r> 

Ancient sjnv fniuu* do'cribcd. * 

Angle ‘d r** ot . rosv-cutliiig 

cutters, 342 * 

\ugles of enttipg edge of planciroiis| 3 t ‘2 
Angles of sau tfi tl»/or cutting hanl and 
wfjft wood, 32 (i . , , • 

.Vntifriction inctal, Ihibbiu’*.. 3 ,V 2 

Arrangement of ^aw mUl% 2 b 7 I , 

Arranging sbafting^for a sa\^uiU, oOd fur eutl ing timber, 348 

Artificial srasoni*ig of timber, 324 Hand sa\Ns of« thin gauge pK^Terable, 

Aali^os for packing^uston rods, &c,, 2 d.» * ^ . *. ,, ,x. i 104 

... ' . • - . forcuttmg ships’ timbers, 124 

I, ndjns^Mile fof^ea^ 206 

/twgcifor cireul.ir tcuodlug, 205 
Au^matic.illf- nd|ustal»lc side ' 

for planing' marines. 10 # 


Bund friction in ILeij^f clutch coupling, 
810 • ^ 

Band knife machine for cutting cloth, 128 
Band-saw bladA, speed erf, 147 
Band-saw blades, shiirpening,#*.3 
Band-saw blades, ^tlng teeth of, 147, 2*4 
Band-saw Idaflcs for cuttinj^mn, )it8 
Band-saw setting maoltiiie, n57 
Ban.l-saw blades, brazing of, .3.30 
Jbtiid -saw blades, (jualiCV and temper of, 
889 

Band-saw blad s, prevention of break- 
age, 340 

Band-saw bbide-s, gauges of, 341 
Band-s;^ 1 sides, exp-^hion and con- 
*||tnclion^f, 33 d • 

Bnnd-s.a\# bl.ide^. teeth of, .341 
1 Band snwiiig nmohines, inanagemeut 
i of,3C.3 > 

i Band .sawing machine, the i»|^st, 1 It) 

. Baiil a^-iug maclunea, M-lf-acting gear 
for, 

Band or riltbon sik€^, 4 t^ains on, 336 
I Band-saw guide, 13.'), #4-5 ^ 

I Bamljj.aw whe-ls, wrought iron, 1.83 
, Band-saw wheels, woodeii. 136 
Baud-f«'^A\ be^ls, to angle. M.) 


Automatic bclt-tightencr,J 79 • 
AuWIntatic damjK-r for stcjjjn boiler'. W’ 
Autonmtlc self oiling l)|[innf|. 207 


^ • 117 

Bearirl^, 

-• alloy for, 8 ‘ 2 r _ 

— endihium as airflloy for, 29 1 

— •ufin cl^I.s, 291 • 

— cast^on ft)r, 296 • , 


K nX .1., 29% 4!»a 
clun,g ^d liol 

•tav<(|, wll, 218 


dlow ing 


c:iak 


conical. 299 

— or seizing, 296 

— dttingjKOt'i • 

— footstep, 298 • ^ 

^ — f:^ended in length, 290 

— kept cool by water. 290 



4^ IliMEX. 

nKA 

, ne^nug-<», for, 

— phacphor bn>n/e /or, 29‘J 
>- self- lubricatingi 309 

— subjeot to great preaaim*, .*t99 

— white metS alloys for, ‘J9t ' ' 

Hearings for f-oo^-workin^' inaohinery, 

28o * « ' 

Belt gearjog, 3i:\ ' 

Bells and t^xitked gearing compaiy i,,\ i 

— at abort centres, *27.“. 

cotton do., 8 IS, 814 ^ ^ 

— driving of wovenVrnoible -ttvHSlG 

— driving slip of, Sn ^ * 

— for liigh-spe«*<l n^iclunery, .‘>n7 

— hint/oii, Sid * 

, — leather, atrength\'*31.> ^ 

— leather, working tension t aide of, ;»1.'> 
jvaper for driving, “l-k ^ 
shonlrL' tin ^no«4h ‘nirface to pull«‘y, 

*273 ^ ^ 

* — tit|diten< r. automatic, 17'» 

— to incre.w^ d.-i’diig power of, U07 
-- twinted. Sl.'i 

Bending w('<'dcn.,ho«>ps f. r . a-ks. *2«)9 
Benthain. Sir Saninel. 2, 71. 73. 1 *5», 1« •'>. * 

171, 192. 22" 

Bevans 7»'. 

Kevel, (loublf, for « :I3 

Bevel .sawing, dinj^ron tor guiding, 21 • 
Blanch.'tr«M99 % ■% 

Blind slat lenonitn. nta« lime, ' 

Block, cuiter. spo. d ;f, f-r plar.mg, 1'‘7 
Blvth, 21*0 . ^ 

B^^ler^ 2.vA.m % 

— rnrrvi-'U^ of, 1 

— team. ini’ro»tatMtn $»., 2*'.n •• 

Boring and m*1if''ln5 nm- d.- 

z, 

Boring . ig<’r. p> 5 >anding, • 

B4,w - -k , hand. l.P< , ^ ^ 

B«>x i aming, u tr<sJu<aion of, 4'i 
Boyd, m * • 

Bram lift., his first planiiig ma. him . 7 1, 
Breikagecf haud-sawt Madea, srevrn- 
tion of. 122 % \ • * 

Brown anfLBlrf^ef, • • 

Brown, S.,^t9 • %w ^ 

l%n»el,SirI. K,./, 119. 192 * ^ 

Bangs rvlindricj saw for Tutting, 7l.^ 

• ' S % 

p A €)M I r M as an al !. tor liw ri iJ^s,29 1 
(’alnilatiiig 


Cask staves, dressing, 218 

hollowing and backing, 2ll, 218 

^‘jotnting,ll4,2l7 

mill-web saws for, cutting, 210 

Castings contra* lion in, ‘A'W) • 

— quality of ir<4i for, 

Cast iron for'joaririg.'j, 29d 

Cast stfc^ method of hardening,, .V)2^ 
Cii^jor oil ki a dnysing for leatlieiTtriu 
Hiamlering cast. Mivea, 214 , 

Chain fe^d for deal frame**, ? » 

Chisel^ mi>rti'<ing, n ver>>ing moth n of, 
158, IM, Ifrf', IGI •• 

Chisels, mortising. v.'orke<l by cam**, 154 
Chisels, mortisii>:, u itii <erVut4Ml hack, 
159 » . . 

Ch^el**, reciprfK'ating, for cutting oovw 
IftiU. 1X3 

Cireular ^aws above 83 in. diameter. 32 

adjustable packing piece-* foi, 21 

American thick ij.iuge of, 31 

/ind straight, 325 

— — .arranged for cutting upw.irds, 234 

— — I'cuch, the fir**!, «'< 

benches, dcMgnnig, 3.’ * 

fi'ri^.qtting veneer-, 191 

* lb: surfacing, y 

• - for cuttmg dove t (i! .I"'' 

maungj^ent of, 372 

‘packing’ * f, 3^.8 _ « 

— - prevention ot nmlue friotion*in, 12 

— - ‘dished,’ 31. !M. 139 , 

shar]«ning and setting, 331, 39A 

^ t “ ''I’w'C'l ot !*.♦ • 

-- — ■*mtahle gauge- I-.r, -! 

-% ■- trip inning, BN » 

Cl Hjtjs of - IW**. .'{2/ 

<’!uteh rouplnir. frii'iuiti ■l)'Utd in lieu 
of, 82u • 

« ’(V' or in wh> el-. M 1 
Coll ir-i for ‘ drunkt n' -.aws. 31 
•J'olour '‘f ven^r- damaged li\ beaming, 
• 192 ■ • 

; <3<fnpr**’-cd nil- utilivAl fin strelftllng 
i -,aw.s. d*: • 

t oiiipre-d^e ntrain, fi.» • 

I I'onqvr.iu.m of 

' ^ompound triable tor ii^>rtisin|{ 

ling^or line shafllng. 




.^'lorta^i 

fltiiig of rtnfts and 

diameter f^u lieys 347 . i » .-iinn iTTuingwicii*. %f.a, old 

Catea for working niortidng rhiw.*!#, K*4 * < 'oulomh on fricii^, 2Mt> • 
f*hin, triple action, 141 ^'ouplmgs^o^mili shafting, 39 


chAir*. ir,.\ 

(^>ne \ 

.Te; 

* 'of\? rat ti.iu iH casting-. 2X(» 

Cork w.»t.|, of Working, 257 

Corrojhon of hieam b ilers. 2«51 
t’otloii i^iiing^iclt * ‘4/3, 314 ^ 


3<h^ 
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CfmnteHjaffince<I of i‘quilil;t>iiin 
Iranae, 41 

Covering, p;i)f r, for pilleys to ♦iicn^asii 
,U‘7 4 

Clank .slinfi^, f,., • 


£r^s-cuao.;' 8aw.‘^ 

Crosd-cuttln^.vitff ,s, au|[l« of, Bt2 
Crozl'ig ca:.k sJavi-e, 2M 
IjillS^erland, I., 89 m* 

Cuflhimiug oyliiuldf {jy* saw frames, 280 
(aittor l^k, fliKi^rof, for iilaaiii-?, 107 
Cutter blocks, neressity of haffn^ing 2H.‘{ ' 
Cutfor hloq^s, 7o ^ 

Cutter blocks, tenoning smow.s for ad- 
justing, 175 • 

t^uKer blocks, balancing, 107 


^kilters, conical, for dovMailingJlSO, 
189 , 190 ’ 

Cutters, adjusting, 27:J 
Cutters, B12 
Cutters, tempering, BIB 
Cutters for lenyning mncbinc, I79-BI2 
Cutters, pinning, improved method of 
armoLdii'-, 101, 102 

Cntl<^N, fixed, for planing, 102 t 

Cutters, expanding, 15B ^ 

Cnltei tenonrti(**Mnncbine\ wryking 
acios-, tile grain of the wooil, 172 
Cutting cork wood intoHiect-, 2.‘!« 
Cutting edge of plane irona, anulc 
* bq^el, B 12 

Cutting iron, band -.in', for, .’I.’IS 
Cuttingeival futons, 171 
^'ufting p|^ 1 under water, 40 % 

Cutter-j^spiral. foi ebamfenng ami re- .i 
21.5 - 1 1 

Cnlting timi)cr fmni the urcumfer*niei> i 
inwards . "14 t 

Cutting \^itll fbe^iaiii of the w..o.l not 
reeoimnoniieil fm dif—ing spoke-.tful 
Cvlindib’al gouge.s, B 1.5 
Cylindrical -aw for cuitwg liuim:^, 21 ( 1 ^ 
Cycloi^il leelli fof wbeeU,^l • 


DiJigran^o^ guidii^f WI Bawiiiffc24a* 
DiametCf of pulley ntuftpeeda of rtaftsi 
calculating, 422# 

Diflteulty of working cork wood, 287 
‘DiJUtll’ circular saw, .81, 9.S, 139, 208 
Disc fi^cd mouldteg giachine, 9() 

' Disc, steel, Tor (Ikiss^fe faces of grind- 
8^<es, 22(1 ^ ^ 

i)i.s^cmery, for sharpcfting saws, speed 
^ of, 220 

Discs, frictioffal, lid 
Doi#)ie bevel for «?litting tofds, 34.8 
I)o#ble-eone vicc^umpling, .80(5 
Double raefi feed mw frails, .59 
Dove tailing, conie.-fl cuttersubr, 186, 
180, 1 9() , 

Dove-tniiing, reciprocating chisels ^or, 
18(* • 

Dressing staves for ca.^s, 

Drosbing fUce of grindstones, 220 
Driving belts, 38. ^ 

cotton lor, 

paper for, .‘D.B 

• Diivnm pulleNS, ^^l'lyl of, ‘’B 
I MlrunRcn ’ snw.s, collars for, B t 


uastma:7. K.. 9 

Ei E<‘ee»'* ric, var 


i E<'.e»'*ric, variable, for altering 
thr<>lv 01 mortise cld-els, 107) 


••ilging #aves for calls, 2 V 
llmerv’iilise, for shaipeiiing t 


llmerj’iilise, for shaipeiiing saws, speed * 
of. 220 ^9 ' 

vitrifi.’d. for sharper^ig baw8D220 

- bone fot fniT'bing cutterjL 22.5 j 

rA'ginasfbigh, pi op-ure .'onttensing, 2.56, 
107** 

— mall liigh-s 

— vertical combine^with boiler,J^.a8 
E\|^indiiig bonng niigei. lot! 

Expanding cutters, 15B 

Expiifl'%>n ai?d contraction of bnnd-.saw 


I Expiifl'%>n ai?d 1 
' ^l,lade^:536 

I of s;jws9ll 


D AMEEE, antomatic, for ste.un 

boilers H g 

^anWD* planing macl^ne 8.S 
•D#aI frame, ^Ved motioiH for, 51 % 
Decompositiim (#w(smI. .t?:! 

Designing a baml s.a\%ing«machiiie,^l:t 
— # circul.ir .-aw bench, • 

— .1 gem nil joiner, IS^ 9 
— mortising and lH>ring lunciiin^s, 169 
-- i^ulding niny#nnin|C ^oic^ines, 1( I 

tenoimig maimine. 177 
- tin^’r and deal f^met,^ 


1 of sawsfuTiiform .'l.BO 

1 r.iuilibiiiim or conn erbalancod saw 

> .Lijf>,41 
VcMlKAR. .lai##, 9T 

” last an. loose pulleys, .BbO • # 

K.al^, d. A.,4; 1 ^ 

1 I'Ved, ftadual, for mortising i hii^ls, 162, 

; 1 G 4 ' • 

i l.'ved.^eryi’nl.foyuorti'sing machines, 167 
1 Felling tr<‘es tune for, 3^ 

I First band sawing niacliTlTe, ^ ' 

* Fuath;md-]) 0 \ver nuntising maching;2|9 
^ First planing inachine, 70 
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first <^onin^ 174' . 

Fitting bterinpi, 296 r ^ 

Fitting flMther on mitriiaing chisels, 230 
Fixed cutters for planing, 102 
Fixing inachines on unsound 0lif..dtt- 
tions, 300 ^ , 

^Fixing luurti&ing iSy 

/"Vly press f^r gulle|ing saws dispens'd 
vitki 922 « * ' * ^ 

Fot'tsU'p bearings, 298 
M rging s|>indles, 284 * 

Foundattona, m«chineV,8(70 » 

Framing, box, intr*>ducii<>u of, 15 • 

Framing ,of machim»‘ with a reeij*'- 
eating motion, 28i 
rramlngs, nbrating '•K^aus on. 277 
Fnyningt of wooil-working macii inos,277 
Fret* saws, mtrliod uf holdmg, H3 
Friotiomd »•*, nO 
Frirtbin band m Himi of »'liitch couplm>r. 

' 310 t • 

Friction on t<*''bb»'n saw 
Krn tion, on, 28,*. 

I Fru’tlon on line slwftr»<r tn. (b »1 of r** 
dndng, 808 
riotioii on » 


(iuard and guide forVircular^^awi, 399 
Guide (br baml saws, 135, H6 
Ciun sta kfl, rci'esfiug mettiod of, 946 


{rAIGn,40 

* 1 1 Hammond, Ohalrlcs^ r,’., 89 
Hand planes, 6v, C8 
Hard W(K)d<-,^ws for.-utting, 3W.rira9 
! Hardening cast fiWll 352 , 

, Hatton, 7(L * .. 

** Hlgh-8pr“I‘d deal frames, fedll for, 56 
nigh-»|>eed engl^ncs, small, 2^ 
Hjgh-spcetl maeninery, lieltstor, 807 
~-u- — starting, 310 
Hints on belts, MtT 
I HoU^pd, 329 

j Hollow auger for tenoning, 2<>.'> 
i Hollow cuitcr bbHk attd sjdndle ioi 
j dr-'Miig ‘>pok»s, 199 

Hollow and b.irking cask >3tnve«, 
211, 217 

lion.* tor uiij*«bing t int, i', '2.'> 
llotips, wyinlt n, b- nding, 2tt't 
, Ho'itt r, WdU.iio, 98 
H^dranloj,'! Ii\ di'^tatio trnvi llltfg ta- 


6 AUGK, thin, prefer dd.- or 'aioUiw 
U7 I * t 

♦ tsuge** suit.iblo do. 'lo,, ;;4o ^ 

• iaugw siiitaide r.>r nj'ii'ar ow», , .o 
Ganges .“uit.iFlf I't r -tra.gid »ws, .! 
^tlear, Andrew, 1 1:> » 

Grjring '.mf '■hafiing. 
(ifaTin...l)elt,torti.jjio.Mifinrni..!4H».r/ ■ 
Gearing, tfsglwd.^o, f.|, r.lo 
Geneol jtmier, d.^-'y^mifg 1 
Gibbs '.ndGntlev, if. 2lO 
Gibb^d.,249 

Glue for fx.«tening ler.th. r • ■ M 
Glne, Witerpr.«>f, M » *• 

(fongejij^'lui.jn.'il, . * 

tivogiss, noubk 157 

Gouges, {empering. dlf.* ,, 

fforemment inursr ti oj-f ‘‘te.tmk ibr^. 

m r \ 

G^ljal feeii f.>r moP^fcing chi->elf 1*72, 

t • c 

GradQ|trdl stroktr f..r mofriaini na 

cWoR. l«8 ' ^ 

oicd 

^ffreo. 2II I ^ * 

Green timbeiMawtng. 8£t 
Gre^vorid and 8.ayr*er, H ^ 

(^iA«tcynet. dressing the fa.. .4. 2?o 
(inard, se{f-adjits4ifli|^, 117 


€ 

,, jLlM:t>NI>N H'NMl limber, 824 
' 1 Iner. 'u>ed tVcdin , power ftir w«d 
timber, 1 * ' 

lio'iustnio'n in •.•..•am iioji. r- j;,. n 
jiitrnmtlMte pun n«. .811 
luv.iliil*' It. tb t r wbcola, 8t ' 

. Ir•^^ li\. d. t i pl.imi.g, 34.* * 
m.'id toi". ;!l I 

( 

j • If M.U, !,'< li. r.'d, d V^iiiiig a, I W. 

*' 1 .i''k Slav*'-, 21 1, 217 

iMtnu; • I I band saws, nu'liirMt 

' oiiipr. d w.-»] 1 nip for. 26J} 

J< r >5 111 , M’.' , r' 

M ! r. ♦. I ' it,jmg N. ncer*. 19^ 196> 

* i\ i> ^ t 

ft , 

f HA 1 H rU Wltiog. bints on, 316 . 

I i i raiK-r, ui^ssmg for, 820 
^ Lratn^i, i*. preserve, iroia mould, 319 
^ Ijengih tt'd diameterr f 4 ' lifarings, 2911 
* Line «hnf<mg, *pee 4 oil **306 

^ t MTin^igi, 8^ 





Lincshafting, arranging, sawmillp/'<M> 
Link motion on inortiHing machincB, 
♦invention or, 151 % • 

liOaJ, 'iiuMciil'' applicil, 280 • 

J#vTng niflt' mcs, 427 
pulUn^SOl* . % ♦ 

Lubrujjiulp ftn bc.i rings, i06 
Lulaioants for bt.*amiga subject bi heavy 
■Mittlsure, 299 * 

Lubricating bcarin;5»lf, 309 

N «. 

0 jV] ACIllN4ri foinuiatioup, 300 

IVi Machinery, high-siMScJ, starting, 

aw • . * 

Masonry for reeiiirocating mainnne 
■^■■iMidutions, 301 * f 

Maudaley, H., 10, 89 
Meaanrftinent of tirubi r, 123 
Metals used for bearings, 291 
Method, impruNv-d, of arranging cuttcis 
fui* planing inadnnc>, lOl 
Metliod of bra/.ing band saws, 339 
Method of hardening cast steel, 3.V2 
Metl)^ of holding fret saws, ^3 
Method of packing circular -aws, oJh 
..... 1 - m im I in 


piev 0^ 

Motion, jfAring, %)otkcil, for 
inittinf;8l0 ^ • 

Motion, 8wiv3lling,4or table of tenon- 
ing^niachine, 175 

Motm^ower for driving wood-working 
' inachinerv, 250 - ^ 

Moulding irons, 1144, 

I Mouldings, pveparinc wood for, 272 
, Mui^f^Ialcolm, 79 
' burdock. 108 


i XIOLSSITY f^r 
1 iN Mocks,*283 • 


balancing cutter 
i Newbcirv, William, tl9 


rvewociiy, »¥ t w 

Novel mediod olW^lviu ; a saw fi ame, 42, 
, Novel :»el^aeling feed, 241 

O BJK(rrX)NS to puucbinf^aw te^th, 

. A* 

( )il, castor, a' a dresgUjlpiSwiHcatnbr, .>2'! 

Dulsidc cutter moulding in.i<*hiuc, 109 
. i)val tenons cutting, ^74 

) X • 


' m i 

c -sk-t 1 

ii’.d thinmr^To- 


Method of prr^^iiBp^i'ii' nlar 
htead of hannnciing, .»2H 
Mctlurtlof >hai|K-ntng a%l M t»ing saw 
. teeth, 331 

Mill^jaw'', inelhuiiof stretching, •»< 

Mill shafting, spied of, 3n.» 

couplings for, 3^*0 

Lillis, saw,jivrangemcnt ol, 2' 

MiU-welvsa'V¥ s in ''cclivu, 3,»l 

Mill v^sa^stoi cnttingc 

should in* gronn,. 

u ards back* 33 1 • 

Mortising and b#iing nnnhincs, 

-iguing, 109 , , , 

- iiiger for tornnng 
-- chiscL, gradual tied f.w, 102. I'H 

- • cfii8#l Willi scrrUtcd baoMfcV9 

^ ehiscl, liltiiu»fcat:icr to, 230 • 

- ^lixing, 230 • 

Mortise or »i.g¥v heels, 511 

Mortising inadiittes, Brun. l . I t- * 

0^ -tinsels, reversinjfim’tion t-u, 

• *54. 100, ^ 

— classes of, W8 ^ _ 

-- - double gouge for, 1» ^ 

_ •- for forming cai I enters 

- — graduated strokiffor, ]0J 

link motion, on inventiTm l.>i 

~ triangular ^dg«#piec«^f<‘»- 

viatinpwft- ^ 

i^rlical Iced fo“ fo* • 


: |)ACK i N'- f<u jiiston rods, 205 
' L Piiolungpieces,adjnstal>lp,for(.i»- 
i nlat sKuS. 21 
age, f: ‘>41 




for piffle) «,^o increase 


iper iofiv — , . , 

iiTg \<o \\ I r of helts. 307 
»tel1s,3U 


Mri\ iiTg 
Taper for dn\ 

Tarquet tluorinj, pivparitn^ 98 
Tattcius foi castings, 272 • 

Tllt'ul],K motion given to cu’cular .sawe 
for cufthm ilov^rtidh. 177 
IVrin, M., IJn 1 ^ _ 

Phosphor bion/.c tor "carings, 

' Pilc% cutting, under water, 40 
» Pipes, sUumi, ^ov cring of, 265 
,1 I’liiiomJ^nti imediute, 311 
l%ius family, 32 1 , 320 
I Pl.uiing iruii.s lixcd, 81.s 

I niachtue. AnuTican, 88 

* • M. Aiomalioally inbustablc .s/de entr 
, lev lot, 103 •* in- 

balancing (jH*te*nlock of, 10 ♦ 

^earinu’ of, 106^ , 

--•.-T'lilterf, spiral eg twisted, 101 

- - Hhnicls’, 88 • • • 

- designing, 104 • 

- -tluuiic.ate s^-t of top cutfors, Wb 
flcjablc cb^in-feed bgd for, 91 

. important element nrworkiDgJw 

improved method of arran^hg 
cuttoi'i, 101, 02 
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Planing inarh^jo^^itaido i^tcr, 10» 

— ^roller-fev..M8»u 

!»pindle8 of, tjjf fiiu'ihing, Iw 

tne fii-bt, 70 

thin-vfcHKl, 100 

traverse^ 

WooUw(irt\v, ^ , 

I’laijket wjd Browti, 207 ^ 

Positivo sljt'K' io monwiog 
ol»jcctionable, 10 1 
Power gruauallv upplted, .80 

transimtUn;i,^.'»r 

machmcr}-, 3I,*> . , 

Picss, tty, tor ^ullopngsaw-, aHp.n 

with ^‘>2 

.PreJlnlion Of W-V- 

Pj^e^i’on of end pUy jo >oiP .dinfiuiK' 

Prt^1‘ntiod'of slippi^ii *'“' . 

< *Pwv.ntion of undue Ifc- tioJ» to oiMdiir 
K»W% 12 «' 

Production of usclui iUlo>t*. i-o 
PulUvc, dinon^tf and 
ahnfuj, cnleuUting, 4- 
tj Pulleys, looae, 1-Oi’ 

Q PAldl y-of V” '] 

Uualuy andtem}.ir id Iwud w*| 
bladt^f. 3,n» 


R At’K IVA^II, Amerieao.* n;:in-f. ^ 

K,icklWd,.i.oibKf;r tr woe: 1>J 

— . — unproMJio nl Jo^i *'d 

lioAHrU'* fur sawf^unV.n;: ‘ »t .'I ^rn\h. 

Ke-Vttjug and ••h-.mfeni.4 .fow*! 
rnlter*, ‘il*’' $ ' t 

^un luetb-' -I'f 

p. «’ipr»:nm,: uiotum f'»r m- ru J *• 
chWliPlSTM M, 

rtfdprtHaHnc »a.l-eU fur v.ali|jg du^^ ^ 


U»K I8d * - 

rrictl^t % ilb“' i 

^kixl of. 1108 - _ I 

Kennie. 0, ^ 
lUveHing t 11 . » % 

Kevoluit»:' l-d u.nrmingnM 

.lfln«».* 2 X 

-- wadge. V} 4 

Ribbon i.r ma Mwa, .KVO 

.. .« for niUittiC b '^d wifoOjt, «♦»» » 
^ ^ iron. « 


■’ Ribbon or band sairs, wttlflk of, m 

shape of teeth, 841 • 

stndusj on, 396 

, p berUou, 211 
i Rods piston, p»*jd' lug 
, Roller-feed !***““;«. oST 
Rolling actio*', for n duclhg 1^ltliul^ 

Rotative motion, 7o 
Rules an# 122 
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' AN IvV\\PKRlNG tlrtl ^nftllcel^ 240 
S* *8uw finino ancient, de^enbed, 8o 

c-ounterbalanml or equilibnnw,4l 

novel inctlw'd of driving, 4k 

Saw frames redUiing vibration m, dOl 
S.r: ing git>t-i timber, :iH4 -- 

mill.S arrangeim nt of, 204 
s.,t> tfvih, objectnona to giilUdinu w*”* 
pufHi, 828 ^ 

- Nbarpenod unifoiniiy, a-4 

tendcio'y t.. assume original jh>m- 

ij.n, 831 , . 

'^aWvdlnrl>oning macUm.-. ujt 

' 1^.- ir-.n. 33H 

I , -of jiiugau**' .‘ruble, Mt 

; -- or ribbt'n. 3,»») 

( . netting, *3.38 

j shape of teeth. 31 1 

' - -. strniiiH <»u. 33»i 

I Niwseir' ul ir. arranged to cutupwafw, 

i 25 1 

_ ... of tcelb of, .i3', 

' ..la--* of, :>2:> 

4usrd and guide, H.J 
’ - t..r cutting la.ft 

. _ ofslar, 822 ' 

bard wtyls 322, 32«» 

. ,n*»hodofivacling..328 

- table of gauges, suitable, ...ui 

1 >* « ro.*“ i/^ltlJtg. .'■'•1 _ 

._. r.,hi.lti'; out of irulh, rwHi f"' WJ 
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Vavm r and Of .*enwovl, 8 
^ SHf s for adju'^ting tending n.a4.||ii-e 

Sdf nctiffg f‘^ *• * 

^ ?»iC 
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Self-act * <4 fced,*ovfl, 241 

— iidiustiii'r truani, 1 17 

— olliiu^ lu'^nnirs ‘-^7 ^ 

— lubri'vt^ liraiil'/s, ‘iOO 

Soi.iH ; tict^ < '‘T)j^(l-'-aw blades, 147 
#“ veueer^iiciiii.' loBivv 197 
Slwiftj I t^c w , U05 ^ 

Shaft', < rank, ' I ■) • 

^•1 •eniii;; hau^- iw liku'^^s. 2‘2.'l 
■•and b/ tk "f ava\s, n>l . 

Shftl ^irinjiS '*7 water, 290 

Shl|)^’^tJck nmilisin '4 nii(^hiiu-s (Bru 
iid\), 150, 221 
Short «lnfin2 ^li:} 

Siii^le-bladcd "aw ii anios, 60 ^ 

Slender grounds otjuiovelty 011 which 
_ are {^ranted, 2^1 j 

\ enecr", 192 % 

Slijp ul'drivini' belt-, Jtl-l 
Soutlwni, 2^7 

Specilie ei'h< M-m atid 3tunc:th, and'lla 
re"i"tan' c "f wood to pr<^'-ur.?. 424 
Sp*'cdi<' "ol'x* :i"one<l liiober. 424 

Speed of li.'uul -aw blridt ", 1 47 

— Cor (‘uLtin:^ I t'l 

0 - euti*T block for |.!ani\, 107 

irrc'^u liir iixm ldin.; ^id shapiu;; 

iiUtchines, A 

— ' - null "hattui4. ‘1*'5 

l(*c«h of c‘ircul.’ir%w«, 1^* ^ 

^ — — ' HN ".harjviMii^ machine, 220 ' 

■■I ■»- shafi'i :U5«k <liaincter of ]tulley», 
eaiculatiULT, " ^ 

Sp’io rflMil eiu ulir >h. tor stave-cutting, 
‘JoH <1 » 

Sj-;i.d|^s.*i, \ er-inf: cutter, 115 f 

>.)-.i^le-.^biupt aiiKle.s or <-hanc s i| 
liiainetcr in, to l)e avoMed, 2H:t 
Spindles, *ru:inu:, 2S4 • 

Spii.d cutters, ^)r chamfenm; and re- 
^ < rsinu. 215 ^ 

Spiral or t\M'tcdcuitonforplaniu^% 101, 
.512 • . ^ 

StartteiL' hJ^-b-h}fed maWl.^y, 

Sinvc". cii'kjCiiarnfeiinu: ami clo^itl|I,214 

St^’< ca!*!*., dres.iin^, 21G 

Staves, cas k.lw r.iowinj? and backing, 21 1 

Stave-, cAsk, /.'Jntinfc 214, 217 

St ( am boiler-, 2.)9 • 

^ — eorr^ion in. 2dl ^ 

nbivemn^it insp«»i*tion of. ‘^>4 

jnerustalton in, 2tl0 

— settin;;, 2G0 • 

^^|n iTU'ing actiof Ui, 

Stcjiin jointi', cotnprey.sea w 

i0, 26G 




Stocks, ^u, mei^od of receaali^, 2^ 
Strainc compre^vci^jr) ^ 
Strains on line shafting, 305 
Strength <Jf loatner belts, 315 
Sl^etching nvill-web saws, method of, 
37* 

Stretcliiifc rnili-wf^ s#ws by means of 
comprdksed air, *0 ‘ i 

S|pf>ke, graduate*^ mortising ma- 
chines, 163 * ^ 

Suddenly i^iplied load, 280 
facing, circidar - •w for, 9 
Swing frame, #ti, f'5 
Swivelluif, rnotirm lor table of teno i- 
ing tnacliiiv3s, I".') 


T ABLK of suitablJ gau£^s for 
saw-blades, 340 
i Table of do. ^.rei 
] — - stia^j 

fat)l^ 

V TeptA cycloni.il. 

Tee^ involute. 

Teeth .)f bar I f-f 


baud 


•f do. ^.reular saw, 33tX 
st 1 ^>31 

122 

f#r wluM 311 
foi wlieels, .111 j, 
aw blades, setting oiP 


St«am iBlHis, covenup for, 26o 


wdtxl pul]i^ 


, 147. 22 4 ^ 

. shape of, 341 ^ 

I i«)i cutting iion, 330 

^ ^aws, s)iaii>^nngAnd -etting, 

™ 33^ t 

1 'll nip 1 at ore tv artillcial seasoning of 
tnnher, 32t ^ 

IVmpi'riiig tool-, j^4.S 

Toin]<erin"' jtou'^o-., 31*'. 

^ ou*ik'r of haml-s{)w blades, 317 
Temlemw of '-•#* J^tb to assume origi- 
nal pu-itionf 331f 0 

'i'enoTi cutting, auger for. 205 
'running 11 , ’bines, classes ot, 171 
— I h'cKs, screws for adjust- 

ingv47:> ^ 

^ uitiei#wo',Uingacr«>^ne gram of 

the wirtxl, 172, 3 42 , 

♦desigmin:, 177 

~ #'swi\e 'l»lg for table of, 175 

• T« nsioii, wu.nm^, o^at»v belting, 345 
Thig-Luuiiie bitW^aw-are pvefer^l^ 1 V7 
'4h*-woo»ii i.nun^%naeliiue, iniT • 
Thaiird, Tl . 120 , 

'rnnffi ai d deal frame-, deii^ning, bl 
Ttmbi’i. iirtitieial, seasoning m, ^*24 
Tinrbe^euttinii from oxtenor to centre,^ 
Timber, gre.>l 1 ^ -awiim^'ll 
Timl)er, ill-com\ilionea7S2t ^ 

Timber. ineasi:«-ement ot, 42.5 
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Uou, 810 

• Trenaie, i*onip«una, tor .'uonu t. , 

r chines, I oa • 

TrepJinniua^faw Ibn ^ 
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TtianguUr pteco I..r oIkwwk 

>ihtation. 155 

Triple-action cam,fHi 
t «r. £tK\j>. 

VACL’tM cyliiulet l.r .-oui.!. b*- 
\ UndiiE of 
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• faw.W • f, f‘ 


ritbM/. 

Wro^ 

■f »r.MUt«ng machl«.M. dMfti-- ■•?• «« 

— ateamiag i m * ‘ « 

- knife Spr, 193, 195, 1^ • „ 97 - ♦' 

Vibwting attain (A ,& 

VibrAtlon, 80^. 

Vibration, reducmk^m aaw namea,^ ^ 

a«o tor Jharpintog 
saws, m «. r 

y * 

TTATEBrt^X'F ^ 


WhiV^j, morliag or on ^ 

W<x>*l,? 1-1 e 

\v,.-i. ''S*- ' 

[ikr‘.v—- 

; U)le..t, 3 ir> , .,,,r,lricinu'belt 8 i 4 l« 
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